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Chapter 1 INTRODUCTION 
1.1 General 


Тһе Ү5-11 is an all metal, low wing, monoplane with a wing and tail of 
cantilever, stressed skin construction and a fuselage with circular section 
of stressed skin construction. 


In the L.H, and R.H, wing nacelles are installed 2 Rolls Royce Dart Mark 
542-10 turboprop engines. 


1.2 Summary 


Structurally the fuselage consists of 3 parts; forward, center and aft 
sections, 


The fuselage is pressurized all the time during flight and at 20,000 ft of 
flight altitude, the cabin altitude is maintained at 8,000 ft. 


Тһе fuselage is divided into 2 parts; the above-floor space and the under- 
floor space by aluminum honeycomb floor. Above the floor are located the 
cockpit, cabin, galley, toilet and cargo compartment. The space below the 
floor is occupied by the nose gear compartment, electrical compartment, 
belly cargo compartment, flight control compartment, hydraulic compartment 
and air conditioning compartment. 


The crew consists of 5, the pilot, copilot, observer and 2 stewardesses 
and the cabin arrangement provides 60 passenger seats. 


The wing consists of the center wing and the L.H, and R.H outer wings, 
the former being joined to the center fuselage permanently and the latter 
joined to the center wing with bolts. 


Outboard the nacelle, between the spars in the outer wing is located the 
integral fuel tank and inboard the nacelle are the water methanol bag tank 
and the fuel bag tank. 


The landing gear mechanism is of nose gear type, fully retractable with 
the nose gear hydraulically steerable and the main gear with the anti- 
skid mechanism. 


The 3 flight control surfaces are manually controlled by the pilot or the 
copilot, 


The flap is of Fowler type, actuated by a hydraulic motor through a torque 
tube, 


The engines and the propellers are electrically deiced and deicers of rubber 
poots type are installed on the leading edges of the wing and the tail. 
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The hydraulic pressure of 3,000 psi is used to actuate the landing gear, 
brake steering etc. As for fire extinguishing device, fire in each 
engine, deicing heater, landing gear bay or nacelle can be extinguished 
separately. 


The electronic equipment includes communication units such as HF and VHF 
and navigation units such as VOR, LOC, G/S, Marker etc. Provision is also 
made for installing the weather radar and auto-pilot mechanism. 


DC, constant frequency AC and wild frequency AC power sources are utilized 
to activate the above-mentioned systems. 


1.3 Operation 


The Ү5-11 can be operated within the operating temperature limitation; 
-50?C to ISA + 30°C of the outside air temperature except the following: 


l. Water methanol injection permissible above -20 €. 
2. External power starting permissible above -30 C. 
3. Internal power starting permissible above -10'C. 


1.4 Leading Particulars 
1.4.1 Weights 


The breakdown of the take-off gross weight under a typical loading 
condition is given below: 


' LB (Kg) LB (Kg) 

Weight Empty 31,970 (14,500) 
Additional Equipment 550 ( 249) 
Crew Pilots (2) 340 (154) 

Stewardesses (2) 260 (118) 

Baggage 60 ( 27) 

660 (299) 660 (299) 

Operational Weight 33,180 (15,050) 
Payload 15,320 ( 6,950) 

Passengers (160x60)9,000 (4,080) 

Cargo 4,300 (1,945) 


Additional Load 2,020 ( 925) 


15,320 (6,950) 


Zero Fuel Weight 48,500 (22,000) 
Oil 8h ( 38) 
Fuel . 4,875 ( 2,212) 
Water Methanol 551 ( 250) 

Take-off Weight 54,010 (24,500) 
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11.4.2 Breakdown of Empty Weight (Reference to Your Type Spec) 


l The calculated breakdown of the empty weight is given below(at YS-11): 
Airframe Structure | LB( Kg) 
Wing 6,618 (3,002) 
Tail 1,465 ( 664) 
Fuselage 5,525 (2,506) 
Landing Gear | 2,110 ( 957) 
Nacelles 1,541 ( 699) 
Total 17,257 (7,828) 
Power Plant 6,184 (2,805) 


Basic Equipment 


Instrument System 205 ( 93) 
Flight Control System 719 ( 326) 
Hydraulic System 602 ( 273) 
Electrical System 1,863 ( 845) 
Electronic System 1.039 ( 472) 
Interior Equipment 3,029 (1,374) ` 
Air Conditioning System . "716 { 352) 
Deicing System | 321 ( 162) 
Oxygen System 1) 1%) 
Fire Extinguishing System Г hh) 


Stairwa 315 143) | 
Total 9,033 Ch, 098) 


КЕЕ 


Miscellaneous 
Paint and Exterior Marking TT ( 35) 
Undrainable Oil ho( 18) 
Unusable Fuel 220 ( 98) 
Total 337 151 
Empty Weight | | 32,811(14 ,882) 


1.4.3 Operating Limitations 


Weight Limitation YS-11 Ү5-11А 
Maximum Take-off Weight 51,800(23,500) 21.010(21,500) 
Maximum Landing Weight 4g ,600( 22,500) 52 ,910(24 ,000) 
Maximum Zero Fuel Weight 45,640(20,700) 48,900(22,000) 

C.G. Limitation 

With flap 0° and landing gear down 
Weight Most Forward Most Rearward 
LB( Kg) МАС МАС 
35,270 (16,000) 15 36 

I 54,010 (24,500) | 22, Ц 36 
1 Dec 15/67 
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1.4.9 General Data 


Wing 
Wing Span 104! 11.8" (32,000 m) 
Wing Chord (root) 13' 9.4" ( 4.200 m) 
" (tip) ht 11.1" ( 1.500 m) 
" (МАС) 10' 6.1" (3.20% m) 
Airfoil (root) NACA 64A218a = 0.8 
" (tip) NACA 64Ahl2a = 0.8 
Angle of Attack (root) | 3° 
tt (tip) о? 
Dihedral 6°19! 
Aspect Ratio 10.8 
Taper Ratio 0.336 
Tail (Horizontal) К 
Wing Span 39' 4,4" (12.000 m) 
Wing Chord (root) 8' 2.4" ( 2,500 m) 
" (tip) 3' 3.4" ( 1.000 m) 
Airfoil (root) NACA 63A011 
" (tip) NACA 634012 
Angle of Attack 0? 
Dihedral 0° 
Aspect Ratio 6.5 
Taper Ratio 0.349 
Tail (Vertical) 
Height 15' 1.1" ( 4.600 m) 
Wing Chord (root) 148 9.2" ( 4.500 m) 
" (tip) | 6' 6.1" ( 2.000 m) 
Airfoil (root) NA NACA 63A012 
" (tip) NACA 63A012 
Aspect Ratio | 1.5 
Taper Ratio | 0.819 
Fuselage 
Length 86! 3.4" (26.300 m) 
Maximum Diameter (Outer) 9' 5.4" ( 2,800 m) 
Landing Gear 
Wheel Size (Main) 12.50 - 16 
" (Nose) 24 x T.T 
Tire Size and Pressure (Main) 12.50 - 16 15 psi 
" " (Кове) oh x T.T 50 psi 
Wheel Base 31' 2.6" ( 9.515 m) 
Tread 28' 2.6" ( 8.600 m) 
Maximum Oleo Stroke (Main) 1' 2.2" (0.360 m) 
| " (Nose) .1' 1.1" (0.330 m) 


l г Dec 15/67 
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Cargo Compartment Volume 


Cargo Compartment Volume cu.ft dE) 


52 seats 38" 52 seats 34" 60 seats 34" 
pitch pitch pitch 
Forward Cargo Comp't (R/H) 116 (3.28) 176 (4.97) 9. (2.66) 
Forward Cargo Comp't (L/H) - 82 (2.31) - 
Aft Cargo Comp't 171 (4.84) 171 (4.84) 271 41.83) 
Belly Cargo Comp't 70 (1.98) 171 (4,84) 171 (5,8 
357(10.10) 499(14.10) 335 (5.26; 
Engine Data 
` Reduction Ratio 0.0775 
Direction of Rotation Engine ..... Clockwise viewed from rear 


Propeller... Counterclockwise viewed from rear 


Engine Performance Average Rating at Sea Level, standara 
atmospheric conditions 


Equivalent Speci 


Shaft, Horse Jet Shaft re 
Speed Power Tnrust Horse power Lost 
rpm < HP LBS(Kg) HP LB8S/Er 
` (Kg/Er 
Take-off (with W/M 15,000 2,775 740(336) 3,060 - 
injection) WW 
Take-off (without W/M . 
injection) 15,000 2,400 660(299) 2,660 0.708(0.322) 
Maximum Continuous 15,000 2,400 660( 299) 2,660 0.708(0.321 ` 
Maximum Cruising 14,200 1,880 525 (238) 2,080 0.760(0.345) 
Propeller Data | 
Diameter 1416" (4.420m) 
Pitch 09 to 84915! 
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Chapter 2 STRUCTURE 


2,1 Construction == Description 
2.1.1 General 


The У5-11 described herein Пав stressed-skin structure. 

Metallic materials used - in the YS-11 are mainly aluminium alloys 202% 
and 1915, all sheet metal used for structure being alclad, А11 other 
metallic components are surface—treated. 


el || egent 


the rivets and screws exposed on the skin surface, except those for the 
elevators, rudder, flaps and tail cone, are mostly those with flush heads. 
The access doors are provided flush with the skin. 


Hermetically closed structural sections are ventilated, drained, and 
protected from rain water as necessary. Each of these sections has an 
access door for easy access to the interior for inspection. 


2.1.2 Station Diagram 


The airframe structure is provided with station numbers which are shown 
in Fig b 2-1, 


2.1.3 Alignment | ‚7 ` 
Flg. 2-3 shows the alignment check points of the airframe structure and 
their numbers. ж 
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Upper Surface 


во 


| 
| (D 1-9 
(2) # 10~ 


STAU sta 
-8280 -8080 


Point 2,3 


STA 
~10100 (Point 2) 
+8000 (Рот 3) 


Point 7 


ЖЕЛІЛІ 


Point 8 (1321—17 Point 9 (1381-17 

Sia (aa , 
ШҮ | MM 1460 
ol 2 2 а" 50 
of “зе 


Alignment Point 


Figure 2-2 2 
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6-0 231813 
yooys) зчэшча y 


HEIGHT 


ео ЮГЕ | F | G | 
ožio [694450 
150 
+50) 


144125 
44155 


LENGTH 


1694150 | 2086125 Otio 16944150 
1694750 | әр88%25| ої в |16944+50 


17039 +50 
17059 +50 


S817 +25 
5817 +25 


7512 +15 


7512 +15 


7,512 +15 


Nose Cone Installation 
Figure 
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0-0 әй! 


APO Wy эЗогәѕпу Jo озуп [пи] 


326g 


FUS STA--102460 


Upper 
Window Frame 


Fwd Body 


Fioor Beam 


Bolt, Washer, Nut 
Torque 20—25in-1b 


Main Body 
FUS 514-1020 Frame 


Main Body 


Lower Window Frame 


Ter, So 


P4 
Fwd Body Floorbeam MS ДӘ Cu 


Kato 


E—E 

Typicol for Tm 
Fwd Body 

Floorbeam 

Tee— Type 
Fittings 


А--А 
Typical for 
Stringers 

#1, #5, 821 
*28RH, #29 


Tee— Type 
Fitting 


#30, #31, #32 — — Y= | | MINI = 
t33RH rupes «JI ا 0ل‎ 


B—B 
Typical for 
Sifingers 


Unless Other wise 
Noted. 


С—С 
Typical Section 
between Stringers 


Shim 


+ 

uni i» t + T 
+ 

Ss + 


EIL 


D—D ә, 
Typical for 
Window Frame 


E 


Bolt, Washer, Nut 


Note: 1. Torque Value 70~90in- № 
Except as Noted 


The gage and material of the fuselage skin are roughly as follows: 


Fore from Sta -10260 2024С-ТІ9 0.032" 
Sta -10260 to Sta +8080 202hC-T3 0.032" 
(however, fuselage-wing joint sections use: 


2024С-Т3 0.05" to 0.063") 
Aft from Sta +8080 2024C-Th2 0.032" 


There are 66 longerons, which decrease in number gradually in the fore 
and aft portions of the fuselage as the extreme ends are approached. 
Most longerons are made of "Z" shape material; some longerons, angle 
shape plate. The material of the longerons is mostly 7075C-T6. 


The frames are located at the station numbers shown in Fig. 2-1. 

Іп the center and aft fuselages, the most of the frames have a "Z''-shape 
cross section and is made of TOT5C-T6, 0.050" or 0.056" thick. In the 
forward fuselage, the most of the frames have "Е" shape cross-section 
and is made of 7075C-T6, 0,050", 0.056" or 0.063" thick. The frames in 
the joint sections of the forward, mid and aft fuselages are made of 
K2008 or K2009 extruded shape material. 


At Sta -10560 is attached a frame to support the nose gear wheel keel. 
At Sta -1080 and Sta -2550 are attached frames to fix the main wing. At 
Sta +8554, Sta +10375 and Sta +11130 are attached frames to fix the tail 
wing. Those frames are made especially strong to bear their respective 
loads. 


2.2.3 Sealing of Fuselage 
Sealing is broadly classified into air-tight sealing and water-tight 
sealing.  Air-tight sealing is applied to the pressurized surface, where 
rivet and bolt heads are covered completely with sealing material. 
The lap jointed portions of the skin are riveted with sealing material 


in between. Water-tight sealing is applied from outside the aircraft 
to cover the ends of skin sheets at the joint sections. 
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Note: Left W 


ing is shown. 


Right Wing 15 symmetrical except W/M filler (524) 


Lower Surface 


425 


ا 
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А 
м 


“ 
521 52% 


Teme [ae De [Para UU 


H Fuel Groos-feed Line Drain 
H Fuel Power Drain Valve 
H Pressure Refu eling Panel 
* ж 
5 Aileron Leading Edge With Pin Hinge 
e i 11 o "n 
|. 
5 in № it 
st If n 


Aileron Stopper Adjustment 
Aileron Stopper Adjustment 

Aileron Puah Pull Rod Cover 

Spring Installation 

Spring Unit 

Aileron Spring Tab Push Pull Rod Cover 
Horn-Spring Tab Cover 

Exhaust Exit Construction 


Life Line Fitting — (ait) 


аг о а о uo o uo uo Go 


Exhaust Exit Construction 


Note l; Refer to 28-11-0 Integral Fuel Tank for Access Plate Mounting 
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Note 1; 


Fuel Croos-feed Line Drain 
Fuel Power Drain Valve 
Pressure Refueling Panel 
Aileron Leading Edge " With Pin Hinge 
» 
ж 
# 
Aileron Stopper Adjustment 
Aileron Stopper Adjustment 
Aileron Pugh Pull Rod Cover 
Spring Installation 
Spring Unit 
Aileron Spring Tab Push Pull Rod Cover 
Horn-Spring Tab Cover 
Exhaust Exit Construction 


Life Line Fitting — (aft) 


H 
H 
H 
ix 
D 
ж 
5 
ж 
5 
ж 
5 
5 
5 
5 
5 
5 
5 
D 
5 
H 
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Exhaust Exit Construction 


Refer to 28-11-0 Integral Fuel Tank for Access Plate Mounting 
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2.3.1 General ИЕ ID ^ 


fat a > PEERS 


the main wing has all-zmetal, cantilever, stressed-skin structure, 

It consists of center wing and outer wings. The center wing is fixed 
to the fuselage. The outer wings are fixed to the center wing at WS 0 
With(13 tension bolts on the upper surfaco ада(11 on the lower surface 
and with(seven shear bolts on the front beam апа eight on the rear beam 
arranged on the top and bottom ends. Іп the outer wings, the leading 
edges, trailing edges, tips, ailerons, flaps and nacelles are installed 

on the box-type structures consisting of front and rear spars, ribs, upper 
and lower skins and stringers. 


The inside of the section between WS 1000 and WS 9600 forms an integral 
tank with its inside sealed. 


Bag tanks can be installed in the section between WS O and WS 2182, 
The inner surface of the spar-to-spar structure in this portion is pro- 
vided with lining plates. | 


2.3.2 Center Wing 


The center wing is of two-spar box-type, fixed permanently to the center 
portions of the frames at Sta 2550-and Sta-1080 on the fuselage. it is 


composed of a front spar and a rear spar, upper and lower skins which 

have "JL" shape stringers made of extrusion material and five reinforc- 

ing ribs. The reinforcing rib at BP 1100 has fittings for the wing-fuselage 
joint and the center -wing-outer wing joint. 


2.3.3 Outer Wing Spar-to-Spar Structure 
(4 
The spar-to-spar structure constitutes t of the 
outer wing. The box beam of each wing is composed of a front spar and a 
rear Spar, (2l ribs) connecting these spars, and upper and lower skins 
reinforced with stringers. 
- ws ik 


The ribs have two varieties: the truss type and the web type. The truss 
type ribs are so designed that the truss members can be removed to 


facilitate work inside the wing. 


2.3.4 Outer Wing Leading Edge Structure 


The leading edge consists of six sections, each of which is fixed by 
screws to the ribs riveted to the front spar flange of the main wing. 


The portion between the fuselage and the nacelle is formed with skin and 
false ribs, and has no anti-icing system. The portion of leading edge 
outside the nacelle has double skin, and is equipped With rubber boots 


and their piping. 
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2.3.5 Outer Wing Trailing Edge Structure 


The trailing edge consists of ribs, stringers_and skin, and is riveted to 
the rear spar. It supports the inboard and outboard flaps between WS O 
and WS 9038, and the aileron between WS 9038 and WS 14400. 

The ribs in the trailing edge of the flap comprise two varieties: can- 
tilever ribs and false ribs. Their stiffeners are detachable. 


The rear end of the lower surface skin is rubber-sealed to fill the 
clearance between the lower surface of the trailing edge and the flap at 
the time of FLAP UP configuration. 


In the trailing edge of the aileron assembly, a bulkhead for aileron 
sealing cloth is installed spanwise. The lower side of the trailing 
edge forms an access door, which can be opened when the aileron is 
serviced. 


2.3.6 Wing Tip 


The wing tip consists of skin and seven fairing elements, and has a wing 
tip light. It is fixed to the outer wing with screws. 


2.3.7 Outer Wing Skin 


The material and thickness of the outer wing skin are shown in Figs. 
2-11 апа 2-18. 


2.3.8 Flaps 


Тре flap is of the Fowler type, and has two drag links with screw jacks 
to actuate the flap. Three roller carriages installed on the flap travel 
along the circular rails on the main wing trailing edge. 


Both inhoard and outboard flaps are composed of main spars and front and 
rear spars; the spars and ribs are formed by bending sheet. The skin is 
reinforced with stringers. On the lower side of the inboard flap, a 
fairing cone is installed to fair the rear of the nacelle at the time of 
FLAP UP configuration. 


2.3.9 Ailerons 


The aileron has all-metal, single-span, stressed-skin structure. 
Nylon curtain seal is provided on its leading edge. It is connected to 
the main wing trailing edge with five hinges. 


A spring tab is located at the center of the trailing edge of each aileron; 
a trim tab is on the inboard side of the trailing edge of the L.H. 
aileron. 


On the leading edge except the hinge portion, balance weights with bar 


shape are arranged spanwise to keep static moment at 250 + 50 mmKg 
(пове-һеауу). 


Page 16 


Hess Spar ^ 


Detail A 


Detail C Upper Stringer Fitting 


Detoil B Spor Lower Cap Fitting Detail D Lower Stringer Fitting 


Center Wing Structure 


Figure 2-11 2 


Page 18 


Tank Bulkhead 


Box Beam Structure (Spars and Stringars) 


Figure 2-12 
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2.h 


Tail Wing 


2.4.1 General 


The tail wing consists of all-metal horizontal stabilizer, vertical 
stabilizer, elevators, rudder and fillets, each of which is detachable. 


The stabilizers and the rudder have stressed-skin structure with spars, 
longerons and skin as reinforcing members. Тһе top ends of the vertical 
stabilizer and the rudder are made of formed fabric reinforced plastic 
material; the others are made primarily of material 202h. 


Ав for the fillets, part of the dorsal fin is fixed to the upper part of 
the aft fuselage, and the others are detachable, streamlining the aft 
fuselage, the tail cone and the tail wing joint section. 


Fig. 12-19 shows the inspection holes and the servicing holes for main- 
tenance of the tail wing. 


2.4.2 Horizontal Stabilizer 


The horizontal stabilizer has two-spar structure; the front and rear 
spars are located at 17.5% and 55% of wing chord, respectively. The 
right-hand and left-hand stabilizers are connected at the center of the 
fuselage to form a monocoque structure. The portion between the two 
spars is formed with ribs, longerons and skin. Joint fittings, four in 
all, are provided in front of H, Sta 770 and behind H, Sta 500 of the 
front spar. They mate with the joint fittings on the fuselage side, the 
forward portion being joined with two taper bolts and sleeves and the 
aft portion with two tension bolts. 


Throughout the upper and lower sides’of the front spar are provided 
hinges to which the leading edge assembly is attached with stainless 
Steel wire. in the leading edge assembly, a rubber boot type anti- 
icing system is provided as in the main wing. 


The trailing edge is faired with ribs. Hinges to install the elevator 
are located at H. Sta 300, 1h00, 3 800 and 5 800 of the rear spar. 


тре lower side of the trailing edge forms an access door opening down- 
ward with hinges. 

A vortex generator is installed in front of the door of the lower 
side. 


The wing tips made of 6061 aluminium fabricated by welding and forming, 
are attached to the ends of the wings. A flux valve for the C-9 &yrosyn 
compass is provided in a horizontal tail wing tip. 


2,4,3 Elevators - 


The elevator, consisting of right-hand and left-hand surfaces and center 
torque tube, has all-metal structure except the tip. 
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The hinge points are at the horn fittings at H. Sta $850, 3800, 1400 
and 300. 


Balance weights are mounted on the leading edge to keep the moment at 
100 + 25mmKg (nose-heavy)in the static condition. 


The clearance between the elevator leading edge and the stabilizer rear 
spar is sealed with curtain seal. 


There are balance tabs and trim tab, the former being inside the surfaces 
of both sides, and the latter outside the surface of the left side. 


The tab hinge points and the moments in the static condition are: 


Balance tab: H. Sta 2 400, 1 600, 800 8 + 3 mmKg (nose-neavy) 
Trim tab: Н. Sta h 600, 3 995, 3 200 5+ ° mmKg (позе-пеауу) 


2.4.4 Vertical Stabilizer 


The vertical stabilizer has two-spar structure, with the front and rear 
spars located at 18% and 60% of the wing chord respectively. The leading 
edge assembly is connected to the front spar with stainless steel wire. 
A rubber boot anti-icing system is provided in the leading edge assembly. 


The vertical stabilizer is attached to the fuselage with joint fittings 
on the front and rear spars by means of two taper bolts and sleeves at Sle 
the front and two tension bolts at the rear. Between the spars, "т"- 
section longerons extend in the longitudinal direction. The stabilizer 
is faired with 19 ribs. The trailing edge has a fairing sheet contri- 
buting to the performance and aerodynamic effect of the rudder. Rudder 
hinge fittings are installed at three points. 

(d 
At the center, the stabilizer is hollowed to contain & VOR antenna, which 
can be inspected and serviced from both sides. The tip is covered with 
fabric reinforced plastic molding. A VHF antenna adjuster is installed 


inside the tip. 


2,4,5 Rudder 


The rudder has all-metal structure except its top which is made of fabric 
reinforced plastics. At the lower end, 1% has a torque tube and a 
quadrant with a tension regulator. 


Rudder attachment hinges are provided at three points (V Sta 1000, 2250 


The hinge at V Sta -170 takes load in the direction of hinge line. 
Balance weights are distributed in the balance horn in the section between 
V. Sta 3750 and 3000 of the leading edge and in the lower part of the 


leading edge. 
Two pairs of upper and lower tabs, serving both as springs and as trim 


tabs, are provided on the trailing edge at the following locations: 


ee 
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Upper 
Lower 


Two static 
Throughout 
sealing is 


spring and trim tab: V, Sta 3250 and 2500 
spring and trim tab: V. Sta 2000, 1000 and 0 


dischargers are provided in the upper part of the rudder. 
the top of the leading edge of the rudder, rubber molding for 
provided to minimize the clearance between the leading edge 


. of the rudder and the trailing edge of the stabilizer. Moments in the 
static condition are: 


Rudder; 1,000 + 100 mmKg (nose-heavy) 
Lower tab: 12 +  3mmKg (nose-heavy) 
Upper tab; Т + 3 mmKg (nose-heavy) 
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Verbeal Stalulizer Components 


Figure 2-22 
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Figure 2-23 
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2.5 Nacelle 
2.5.1 General 


Each nacelle is all-metallic, and is permanently fixed to the outer wing. 
It consists of main structural elements such as a firewall, sub-frame and 
shear panel, and auxiliary structural elements such as ribs, stringers, 
skins and covers. 


The sub-frame is bolted to the Spar-to-spar structure of the outer wing, 
with its forward end connected to the engine mount through the firewall. 


Engine exhaust pipe penetrates the upper part of the nacelle to its aft 
end. An accessory drive gear box is installed above the said part. 


Ihe lower part of the nacelle constitutes a space to house the main land- 
ing gear and the batteries. 


On both sides in the rear of the nacelle firewall and on its back, there 
are detachable covers, five in all. 

FRP-made fillets for fairing are fixed on both sides of the rear of the 
nacelle. 


2.5.2 ‘Material for Structure 


The sub-frame is made of ten 1130 steel tubes, and is connected to the 
front and rear spars of the outer wing through fittings at W.S. 2482 and 
W.S. 3334. The engine mount is installed on the forward end of the sub- 
frame through the firewall. 


The sub-frame has fittings at its center to install the gear box. 
End fittings are welded to the joint portion of the frame. 


The firewall consists of webs made of 30302 stainless steel 0.025 inch 
and 0.50 inch in wall thickness and ribs made of 30347 material. Тһе 
wall has hinge fittings for the cowling, and is penetrated by the power 


control units and fuel piping. 


The shear panel, made of 2024-T3 material, is in the lower part of the 
Sub-frame. It is riveted to the firewall, the ribs in the upper part 
of the front spar and the skin. 


The sub-frame is fixed to the arch-shaped ribs in the upper part of the 
front spar. The lower ribs have landing gear door center hinges. 


The filets, made of FRP, are fixed to the nacelle skin and the main wing 


upper skin with screws. 
Fig. 2-26 shows the material and thickness of the skin. 
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2.6 Door 
2.6.1 General 


The pressurized portion of the fuselage has the doors listed in Fig. 2-28 
All those doors open outward. When the doors are closed, airtightness is 
maintained by the rubber seals attached to the doors and the strikers 

on the fuselage side. The following table shows the dimensions of each 
door and the number of its latches: 


Number of latches or hooks | Dimensions (m) 


Main Entrance 

Service 

Foreward Cargo 

Aft Cargo 

Emergency Exit 
Electric Access 

Belly Cargo 

Flight Control Access 
Hydraulic Access 

Air Cond.  Access-Fwd 


Air Cond.  Access-Aft 


2(Latch Rod) 
2(Lateh Rod) 
2(Latch Rod) 
h(Lateh Rod) 


* As to Main Entrace Door, refer to Chapter 6, HYDRAULIC SYSTEM. 


2.6.2 Cabin Door 


(1) General 
2; | 
On the floor of the fuselage are main entrance door, forward cargo 
door, service door and aft cargo door. Of those doors, the latter 
three have the same structure and the same locking mechanism. 
(As to the main entrance door, refer to the chapter on hydraulic 


system. ) 


The said three doors employ double hinges which permit them to open 
outward by 180°. The doors can be opened and closed either from 
the outside or from the inside of the aircraft (the forward cargo 
door, from the outside only). — 


(2) Latching Mechanism 


When the door is closed, six latch rods are inserted into the air- 
frame side and lock the door. The latch rods take the pressure in 
the fuselage; the hinges take no load. 


The handle open lock mechanism prevents the door from moving fram 


the open position to the close position while the latch rods remain 
extended. That is, once the handle is set to the "open" position, 
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cannot be brouzht to the "close" position until the door taxes the 
se" position. 


The hold open mechanism locks tne door at the "open" position by 
interlocking the hooks on the door side with the claws on tne 


The handle mechanical lock mechanism prevents the door from opening by 
mistane during flight. 


With the handle set to the "close" position, the end of the interior 
handle automatically catches the handle lock lever. 


Consequently, the handle cannot be moved unless the handle lock 
never is pushed downward. 


^ "= o o ` 
(3, Differential Pressure Lock 
Tne differential pressure lock has a pressure locking claw which fixes 
the handle lock lever in the lock position according to the movement 
of а diaphrsgm which senses the pressure difference between the 


inside and the outside of the cabin. 


The diaphragm begins to move at 0.2 psi. min., and completes its 
А неа. س‎ 
movement at 0.1 + 0.1 psi max. 
р س‎ 


2.0.3 zmergency Exit Door 
The emergency exit door opens outward together with tne window frame. 
Door operating handles are provided both inside and outside the aircraft; 


so the door can be opened either from the inside or the outside. 


This door also has a differential pressure lock mechanism which prevents 
the door from opening during flight. 


Тһе door is piano-hinged at its bottom. 

9.6.4 Unéerfloor Access Hole and Door, and Inspection Hole 
Zach áoor is supported with two piano hinges. 
Tne doors of tne belly cargo compartment and the electric compartment 
nave handles on their external sides. They can be locked with two latch 
hooks. 
The door actuating mechanism unlocks the hook when the door handle is 
placed in the "open" position and automatically locks it with spring 


force when the handle is placed in the "close" position. 


The doors of the flight control, hydraulic and air-conditioning compart- 
ments are locked by bayonets. 
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On the inspection hole in the aft fuselage which is not pressurized, an 
ordinary access panel is attached with fasteners. 


The inspection hole of the center wing is on the flight control compart- 
ment side. The cover of this hole is secured by screws, and is pressure- 


Sealed with sealing material. 


NOTE: Ag to the warning system, refer to Section 6.6 Stairway System. 
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Windows 


The windows are classificd into cockpit windows and cabin windows. 
The former are forward windshield, sliding window shield and aft 


windshield. 


The number of the latter, including emergency exits, {в 25 T LH. 


side and 26 on the R.H, side. A small round window is provided above 
each a — 


QOL, 


2.7.1 Cockpit Windshield 


Three Kinds of cockpit windshields, six in all, are provided. Tne forward 
windshield is made of laminated reinforced glass panel with electro- 
conductive coating inside the panel. The panel is heated for deicing 

and defogging and for protection against birds. 


the sliding windshield consists of double panels, the outer panel being 
made of laminated reinforced glass; and the inside, acryl plastics. 

The air layer between the panels prevents the window fram fogging. 

The windshield can be opened only when the compartment is not pres- 
Surized. Each windshield is explained below in some details: 


(1) 
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Forward Windshield 


The forward windshield has sandwich structure with a vinyl layer 
placed between two reinforced glass panes. 

The inside pane which is called the main ply, is 8 mm (0.312 in) 
thick fully tempered glass which serves as main structural member 
of the panel to withstand pressure. 


The inter~layer is 6mm(0.25 in) thick poly-vinyl butyral. 
When a bird hits the window, the inter-layer serves as buffer, and 
prevents pieces of broken glass from scattering. 


The outside pane which is, called the face ply, is 5 mm (0.187 in) 
semi-tempered glass with the inside coated to be electro-conductive, 
Bus bars are buried at the top and the bottom of the panel. If 
electric current is supplied to the coating, it is heated, deicing 
the panel and at the same time it gives plasticity to the inter- 
layer to absorb shocks. Also, buried in the upper portion of the 
center side of the panels are sensing elements which keep tempera- 


ture constant. 


Tne panels are fixed in position with screws from the outside of the 
fuselage. For reinforcement, therefore, а 1 mm (0.040 in) insert 
is buried into the inter-layer. Also, aluminium alloy bushings 

are provided in the screw holes to prevent the layer from being 
damaged because of excessive overtightening. 


Sliding Windshield 


The sliding windshield is of dual structure consisting of inner and 
outer panels. 
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YS.11 Three View 
figure 1—1 


1.4.4 Speed Limitation 


KT 
below 13,600 ft Vino 245 
Maximum Operating Limitation 

| above 13,600 ft Mno 0.175 

Operating Speed Va 154 

| Flap angle less than 10° 200 

Flap Extended Speed Flap angle less than 20° Vre 165 

Flap angle less than 35° 135 

Landing Gear Operating Speed Down Vio 210 

Up 135 

Landing Gear Extended Speed . УЕ 210 

Landing Light Extended Speed 165 


1.4.5 Towing Load 


The supporting structure of each main landing gear has been designed for 
the limit towing load of 8,294 lbs (3,762 Kg). 


1.4.6 Jacking Load 


The structures around the Jacking points have been designed to be able to | 
support the aircraft weight of 54,010 lbs (24,500 Kg). 


1.4.7 Cabin Pressure Load 


EE EN 
Each section of the pressurized fuselage has been designed for the normal 
operating pressure of 4.16 psi which corresponds to the cabin altitude of 
8,000 ft at the flight altitude of 20,000 ft. 


1.4.8 Floor Loading and Allowable Weight of Passengers and Cargo Loading of 
Fuselage Floor f | 


Floor Loading Allowable Cargo 


Item lbs/ft^ (Kg/m^) Weights lbs (Kg) 
Cabin | T5 (366) 75 (366) 
Forward Cargo Comp't 52 seats 38" pitch 1,500 ( 680) 
(RH) 52 seats 34" pitch) 100 (488) 2,500 (1,134) 
60 seats 34" pitch 1,200 ( 545) 
Forward Cargo Comp't 52 seats 34" pitch 100 (488) 1,000 ( 45h) 
(LH) 
Aft Cargo Comp't 100 (488) 2,000 ( 908) 
Belly Cargo Comp't 65 (317) 1,100 ( 500) 
Dec 15/67 1 
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2.2 Structure of Fuselage ' 
2.2.1 General 


The fuselage has stressed-skin structure, consisting mainly of forward, 
mid and aft fuselages. These sections are joined at Sta -10260 and Sta 
+6080, with 1/4 inch tension dolts. 


The forward end (Sta -12660 to Sta -13400) of the fuselage is a nose cap 
or radome which is installed with hinges for easy removal and installation. 


The section between Sta -8280 and Sta +6120 of the mid fuselage has a 
uniformly round cross-section, 2,880 mm in diameter. The frames in this 
section, except a few, are spaced at an interval of 480 mm. In the sec- 
tion between Sta -2550 and -1080, the center wing is attached to the 
fuselage permanently. 


The section between Sta +11430 and ota +12900 is a tail cone attached to 
the fuselage with screws. | 


The section between Sta -12310 and Sta +8080, except the nose gear wheel 
well and the center wing, is pressure-sealed and can be pressurized to the 
normal operating pressure of 4.16 psi. The pressurized area is divided 
by the floor into upper and lower sections. The underfloor section ig 
divided into the following five sub-sections: from fore to aft, electrical. 
compartment (Sta -10560 to Sta -8280), underfloor baggage compartment 

(Sta -8280 to Sta -3990), flight control compartment (Sta -3990 to Sta 
-2550), hydraulic compartment (Sta -1080 to Sta +360) and air conditioning 
compartment (Sta +360 to Sta +5160). Each of these compartments has a 
door which can be opened and closed from outside the plane. Ice plates 
are attached to those portions of fuselage skin which are adjacent to the 


propellers. Сау: 


The fuselage structure mainly consists of frames, stringers and skin, 
which are secured by shear ties and clips. 


The sealing material for the pressurized section of the fuselage is mainly 


The butt ends of the skin, such as those at the fuselage joint 
sections, are waterproofed with sealing material @R-3uL) 


2.2.2 Material for Fuselage Structure 


The fuselage is of such construction that longerons are installed around 
the frames end covered by the skin. The skin is reveted t es 
(through shear ties) and to the longerons. For riveting,CMS20426 AD) 
flush head rivets are mostly used. 
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a. Outer Panel 


This panel is of dual structure with a vinyl layer placed between 
two reinforced glass panels. Material of each layer is as 


follows: 
Face ply: 0.125 inch semi-tempered glass 
Inter~layer: 0.200 inch poly-vinyl butyral 
Main ply: 0.250 inch fully tempered glass 


b. Inner Panel 


This panel is 0.250 inch thick acryl plastic material. 
Conditioned air in the cockpit enters the portion between the 
aforesaid two panels through a moisture absorbing device using 
Silica gel, defogging the windshield and insulating heat. 


The sliding windshield moves on rollers along the track. In 
emergency, it can be opened from outside the aircraft. 


(3) Aft Windshield 


The aft windshield, made of acryl plastic material, is of a dual 
structure, composed of outer and inner panels 0,500 inch thick 

each. Cockpit air enters the portion between the two panels through 
the silica gel desiccator. 


Rubber bushings are provided in the panel mounting screw holes to 
take the relative motion of the fuselage structure and the window 
and to serve as sealing. 


0.7.2 Cabin Windows p 


In the cabin, there are 25 L.H. and 26 R.H. windows, each 240 mm wide 


and 320mm high. 
The cabin window is of dual structure consisting of outer and inner 


panels which are 5 mm thick acryl plastic panes. The air layer, which 
is formed by spacers made of the same material as the panels, defogs 
the window and provides heat insulation for the cabin. 


The aforesaid air layer is connected to the vinyl bag of the desiccator 
through the silica gel-filled vinyl tube for desiccation which is in the 
lower part of the window. 


As the vinyl bag transmits tne cabin pressure to the air inside, ordinarily, 
the outer panel takes the cabin pressure. 


A single outer panel or a single inner panei is strong enough to with- 
stand the cabin pressure. 


The window is fixed to the fuselage structure with screws. Rubber bush- 
ings are provided in the screw holes to take the relative motion of the 
airframe and the window and to serve as sealing. 
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2.7.3 Door Windows 


Each of the service door and the aft cargo door has a round window, 140 mm 
in diameter, on the upper part. 


Those windows have double structure of acryl plastic material 3 mm thick, 
They are fixed to the doors with screws. 


No desiccator is provided in these windows. 
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Chapter 3 LANDING GEAR 
3,1 General t 


The landing gear is of nose gear type and is operated by the landing gear 
control lever mounted on the center pedestal. 


Extension and retraction of the gears are accomplished by the hydraulic 
actuating cylinders and the landing gear doors are opened and closed by 
door actuating mechanisms. 


The landing gear is locked mechanically in their UP or DOWN position. 
Up-lock is normally released by hydraulic pressure, however, in case 

of failure of the hydraulic system, an emergency gear down system allows 
free fall of the gears. 


Locking position of the gears is indicated by electrical indication system 
on the instrument panel in the cockpit. Furthermore, visual indicators 
are provided for visual check. 


The main landing gear is of dual wheel type with the brake assembly and 
the nose landing gear is of co-rotating dual wheel type with the steering 
system. 


Both normal and emergency brake systems are operated by hydraulic pressure, 
and an electrical anti-skid mechanism is provided in the normal brake 
system, 


к LA 
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3.2 Main Landing Gear 


3.2.1 Shock Strut 


Left and right shock struts which look like the letter Y are interchange- 
able between them. The shock strut is mounted on the shock strut mount- 
ing fitting on the bottom surface of the wing with pins which are held 

in place by tie rods. 


The shock strut consists of a cylinder and a piston, both connected each 
other with the torque arms. 


Inside the cylinder a plunger tube is suspended from top and an orifice 
plate is provided at the end of the plunger tube. There are a metering 
pin and a recoil valve in the piston. 


Impact load to the aircraft is controlled and absorbed by the orifice 
plate and the metering pin. The shock strut is so designed that it can 


be easily compressed and hardly extended due to the function of the re- 
coil valve. 


Filling ports for oil and air are located on the top of the strut. Oil 
MIL-H~5606A shall be used. 


The gap between the cylinder and the piston is sealed with the "О" ring 
and back up ring packing. 


Remove the gland nut at the lower part of the shock strut, and two spare 
"o" rings come out. 


Therefore, replacement of "O" ring with spare one without pulling out the 
piston is permitted once only. 


3.2.2 Drag Link 


The drag link consisting of the upper and lower drag links is attached 
to the middle part of the shock strut and the lower part of the front 
spar of the main wing. 


When the landing gear is extended, both links are in a straight line, on 
the other hand, when retracted they are folded rearwards at the joint. 


At the joint section, is located a down-lock mechanism which locks the 
strut when the gear is extended. 


То the shaft of the upper mounting section of the upper drag link, a gear 


actuating cylinder and an assist spring are mounted. Down-lock indica~ 
tion system is installed on the lower drag link. 
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3.3 Nose Landing Gear 


3.3.1 Shock Strut 


To the T-shaped shock strut, the left and right side-struts are attached. 
Both ends of T-shaped strut are attached to the FUS STA- 10860 fittings 
which can be separated into upper and lower parts, 


Main difference from the main landing gear is а built$-in centering cam 
which maxes the wheel face front properly when the piston of the shock 
Strut is fully extended. 


The filling ports for air and oil are located on the top of the shock 
strut. 011, MIL-H-5606A shall be used. 


The spare "0" rings are also contained inside like the main gear, 

3.3.2 Drag Link 
The drag link is composed of one lower drag link and two upper drag links. 
The upper drag links are mounted on the fuselage at the forward portion 
of the landing gear well with pins and shaft; the lower drag link is 
fixed to the shock strut with standard bolts. 


When the gear is extended, both links become a straight line and when 
retracted they are folded rearwards at the joint. 


On the joint, there is a down-lock mechanism to lock the strut when the 
gear is extended. 


On the pin of the upper mounting section of the upper drag link, a 
actuating cylinder and an assist spring are mounted. 
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3.4 Extension and Retraction System 


3.0.1 Construction 


The extension and retraction system consists of the following sub-systems: 


(1) 
(2) 


(T) 


Landing Gear Selector Valve Control System 


Landing Gear Actuating Hydraulic System 


Down-Lock Mechanism 


Up-Lock Mechanism 


Main Gear Door Actuating Mechanism 


Nose Gear Door Actuating Mechanism 


Emergency Up-Lock Release System 


3.4.2 Operation 


(1) 


(2) 


Retraction 


А. 


When the landing gear lever is set to "UP" position, the cable 
connected to the lever operates the selector valve in hydraulic 
compartment, supplying pressure oil to each actuating cylinder 
and up-lock release cylinder. 


B. The actuating cylinder releases the down lock, folds the drag 
link rearwards and retracts the gear. 
C. When the gear is retracted, the door link is caught by the shock 
strut pulling up the door to close it. 
D. Once the gear is retracted, the up-lock hook holds the up-lock 
roller attached to the shock strut and automatically the gear 
is locked in the up-lock position. 
Extension 
A. When the landing gear is set to "DOWN" position, pressure oil 
is supplied to each actuating cylinder and up-lock release cylinder. 
B, The up-lock release cylinder extends, releasing the up-lock. 
С. The actuating cylinder extends the drag link to lower the gear. 
D. The shock strut pulls the door downward to open it. 
E. Тһе gear is locked in the down-lock position. 
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(3) Emergency Gear Down 


In case of hydraulic system failure, pull the emergency up-lock 
release handle installed on the front part of the right side-panel, 
and the up-locks of all the gears will be released permitting free falls 


3.4.3 Operation Test 


Jack up the aircraft, and connect the external power source and hydraulic 
test stand to the aircraft. 


(1) Make certain the function of the indicating lights during retraction 
and extension, and also when the gear is locked in down-lock and 
up-lock position. 


(2) Check the gear for its retracting operation, and the door for its 
closing operation. 


(3) Set the gear lever to "NEUTRAL" with the gear up-locked. 
Make certain that, when the engine throttle lever on one side is 
pulled back, the buzzer sounds and the light on the gear lever comes 
оп. (When throttle lever is pulled back, the micro switch is 
energized. ) 


(4) Lower the wing flap to 22.5 degrees or more, and make certain that 
the buzzer sounds and the light on the gear lever comes on. 


(5) Pull the emergency up-lock release handle, and make sure that the 
three gears can perform free fall. 


(6) Set the gear lever to the "DOWN" position. 


(7) Set the landing gear down-lock check switch to the "ON" position, 
and check the visual indicator. 


(8) Ascertain that, when the circuit breaker of the scissor relay is 
drawn, the landing gear lever is not moved to the "UP" position. 


(9) With the override switch in "OVERRIDE", tne gear is retracted. 

(10) With the landing gear control lever set to the "UP" position, pull 
the emergency up-lock release handle, and make certain that, when 
the emergency landing gear release valve handle is pulled, the gear 
is allowed to make & free fall. 

3.4.4 Landing Gear Selector Valve Control System 
(1) General 


The landing gear control lever is located on the right-hand side 
of the engine instrument panel, and the motion of the lever is 
transmitted through the rod and cable to the lending gear selector 
valve in the hydraulic compartment. 
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When the aircraft is on the ground a solenoid pin prevents tne lever 
from moving to the "UP" position. 

The solenoid pin is released when the aircraft becomes airborne 
(scissor relay is in "FLT"), then the lever can be moved to "ОР". 
However, even the scissor relay has been set to "GROUND", the lever 
can be moved to "UP" if the override switch is turned to "ON". 


WARNING: Do not turn the override switch to "ОМ" when the aircraft 


D. 


Lë on the ground. 


Adjustment 

А. Install the rig pins (1), (2) ana adjust the length of the rod (3). 

B. Install the rig pin (5) and adjust cable tension. | 
The value of tension is 28.5 + 4.4 1Ъ at 20°C. (Cable tension 
varies by +0.7 lb per 1°C. ) 

C. Set the selector lever to "NEUTRAL", and adjust the rod (7). 
Move the gear lever up and down until the selector lever is 


switched to "UP" or "DOWN", and fix the adjust plate. 


3.4.5 Landing Gear Actusting Hydraulic System 


(1) 


(2) 


Composition 


This system is composed of the elements described below and hydraulic 
piping. The selector valve is located in the hydraulic compartment, 
and other elements are fixed on and around the landing gears. 


7 


A. Landing Gear Selector Valve 
B. Main Gear Actuating Cylinder 
С. Nose Gear Actuating Cylinder 
D. Main Gear Up-lock Cylinder 
Е. Nose Gear Up-lock Cylinder 
г. Main Gear By-pass Valve 

G. Pressure Reducing Valve 
Operation 

A. Gear Retraction 


(А) With the landing gear control lever is "UP", the selector 
valve permits hydraulic pressure to enter the gear up line. 
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Rggng.Landing Gear Selector Valve Control System 
Figure 3—12 


(B) 


(C) 


(D) 


(E) 


(F) 


The hydraulic pressure to the nose gear is reduced to 2000 psi 
through the pressure reducing valve. 


The up-lock relcuse cylinder rod of the gears are retracted 

so that the gears can be locked mechanically by the up-lock 
hook. 

Ihe up-lock release cylinder is of simple reciprocating piston 
type. 


Pressure oil in the nose gear actuating cylinder extends the 
actuating cylinder. (releases the down-lock and retracts the 
gear) | 

The nose gear actuating cylinder is provided with dash pots 
at both ends which reduce impact load at the final stage of 
retraction; the stroke is 14.0 in. 


Hydraulic pressure in the "С" port under the by-pass valve of 
the main landing gear pushes upward the cone in the valve, 
reaching the "B" port, retracting the main gear actuating 
cylinder. 

Тре main gear actuating cylinder is provided with dash pots 
at both ends; the stroke is 21.8 in. 


Hydraulic oil in the DOWN side of each actuating cylinder 
returns to the reservoir. 


Gear Extension 


(A) 


(B) 


(C) 
(D) 


(E) 


Set the landing gear control lever to "DOWN", and pressure 
oil from DOWN port of the selector valve flows into the 
DOWN line. 

J 
All the up-lock release cylinders are extended, releasing 
them. 


The nose actuating cylinder is retracted (lowering the gear). 


In the case of main gear actuating cylinder, pressure oil 
enters both DOWN side and UP side, however, the piston can 
be extended to lower the gear due to the difference in area 
exposed to the oil pressure. 


Oil in the nose gear actuating cylinder returns to the re- 
servoir through the UP line. 


Emergency Landing Gear Extension (Free Fall) 


The 


landing gear can perform a free fall in the case of hydraulic 


system failure. 


(A) Pull the emergency up-lock release handle, and all the up- 


locks of the gears are released through cables. 
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(B) The gears are lowered freely with their own weights- o 


(C) Hydraulic oil in the nose gear returns to the reservoir 
through the UP line, while in the main gear, oil flows into 
the DOWN line through the by-pass valve. 


(D) To fill up the shortage of oil in the DOWN line, oil or air 
is supplied from the brake return line. 


(E) When the landing gear control lever is stuck at the UP position 
(the cable is cut), pull the knob of the emergency gear 
extension valve after pulling the emergency up-lock release 
handle, and the gear falis freely. 


(3) Selector Valve 


The selector valve is installed at the front, left corner of the 
hydraulic compartment. The valve is operated by & cable connected 


to the landing gear control lever. According to the lever positions, 
the following circuits are made: 


Up Up Up o 
Ret. Ret. 
Down Down Down 


Up э Down 


Neutral 


(4) By-Pass Valve 
The by-pass valve is used for the following purposes: 
A. Decrease the amount of pressure oil to be used for gear extension. 


B. Reduce the piston area exposed to oil pressure at the time of 
gear extension to prevent buckling of the piston rod. 


С. Shorten the hydraulic о11 line used in case of emergency gear 
extension. 


The by-pass valve is of shuttle valve type with a check valve 


and it has three ports; A, B and C. Their connection is shown 
below: 
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D,E. While lowering the gear, the tellcrank rotates at the beginning 
of operation of the octuating cylinder, and the nforementioned 
play (main 7930', nose 5°) is transferred to the other side. 

The clutch plate, utilizing the rotating force, releases the 

drag link for gear extension. | 

As the lower drag link is extended, the hook comes in touch with 
the lower drag link which pushes the hook back. The hook, however, 


can not be pushed further because the hole in the rod end 18 в1еп- 


дег. 
ü 


Е. When the drag link has been fully extended, the hook comes to 
the lock position by the spring. 


(3) Assist Spring 


The assist spring pushes the drag link in ti. direction of the drag 
link extension; in case of free fall, the assist spring assists the 
drag link to take a straight line securaly; on the ground, the 
assist spring prevents the drag link from being folded. 


I (4) Adjustment 
A. Nose Gear Down Lock (Fig. 3-20) 

(A) Adjustment before installation of the drag link. 
Keeping the drag link in a straight line: 
a. Adjust the clearance % using the shim (1). 
b. Adjust the clearance using the shim (2). 

(B) Adjustment after the installation of the drag link. 
Jack up the aircraft and relieve hydraulic pressure, 
а. Pull the drag link forward by its center. When the of 

both upper and lower drag links have 5 into contact 


with each other, adjust the clearance by the stop 
bolt (4). - 


Ъ. Adjust the rod (6} so that the lever (5) will be horizontal. 
с. Adjust the clearance D by the rod (7). 


d. Apply hydraulic pressure and make check Lock-Unlock operation 
of the down lock by operating the landing gear control lever. 


В, Main Gear Down . Lock 
(A) Adjustment before installation of the drag link. 


Keeping the drag link in a straight line. 
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a, Adjust the clearance ЧУ, using the shim (1). 


b. Adjust the adjust screw (2) so that it will come in contact 
with the plate (3), 


(B) Adjustment after installation of the drag link. 

Jack up the aircraft and relieve hydraulic pressure. 

a. Pull the drag link forward by its center. Wnen the adjust 
screw (2) has hit the plate (3), adjust the stop bolt (В) 
so that clearance D is within the specified limits. 

b. Adjust the length of the rod (5) to 6.15 in. 

c. Pull the drag link forward by its center, and adjust tne 
rod (6) so that the clearance is within the specified 


limits. 


d. Apply hydraulic pressure, and check Lock-Unlock operation 
of the down-lock by operating the landing gear control lever. 


3.4.7 Up Lock Mechanism 


(1) 


(2) 


General 


Bach gear is locked mechanically in its up-lock position and unlocked 
hydraulically. The construction and operation of the three gears are 
almost identical. The up-lock mechanism consists of the hook, link, 
lever and a couple of springs. Тһе up-lock switch is operated by 

an arm attached to the lever. 


Operation (Fig. 3-21, 3-22) > 


A. Gear Retraction 


(A) The springs E and C hold the link mechanism ABCD in the 
alignment. The roller of the main gear shock strut comes 
up to push upward the hook at the upper jav, 


(B) When pushed upward, the hook rotates counterclockwise while 
extending the springs. Бо, the point C is pulled downward 
and the Line connecting the points E, B and C becomes 
straight. 


(C) As the hook rotates further, the point B is forced to the 
right of the line of the springs E and C; and accordingly 
the hook is suddenly rotated by the springs until it hits the 
stop bolt. As hydraulic pressure is relieved, the shock 
strut is lowered with its own weight, and the roller tends to 
rotate the hook. However, since the line of A B С is over- 
eentered, the hook is not allowed to rotate. 
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(3) Adjustment 
А. Nose Gear Up Lock (Fig. 3-23) 


(A) Set the up-lock to the lock position, and adjust the stop 
bolt so that the clearance A is within the specified limits. 


(B) Return the up-lock to the unlock position, and raise the 
gear. Make certain that the roller (6) does not come іп 


contact with the top end of the hook. 


(с) Check the clearance and make certain the function of 
the bumper. 


(D) Adjust the shim (7) so that the clearance © is within 
the specified limits. 


B. Main Gear Up Lock (Fig. 3-28) 
(A) Adjust the length of the link (1) to approximately 0.35 in. 
(B) Set the up-lock to the lock position and adjust the stop 
bolt (2) so that the clearance is within the specified 


limits. 


(C) Unlock the up-lock and raise the gear. Adjust the shim (5) 
So that the clearance is within the specified limits. 


(D) Check the clearance D and make certain that, the function 
of the bumper. 


3.4.8 Main Gear Door Actuating Mechanism 


(1) General 


The main gear door is attached to the airframe with three hinges, 

Тһе door is of double skin construction and the Birplane can fly at 
airspeeds up to 245 kt (EAS) with the door open (landing gear down). 
The door actuating mechanism consists of the rod, bellcrank, arn , 

bar, guide and spring. The neutral position of this link mechanism 

is between the position II and III in Fig. 3-25, that 1S, the position 
of the saddle BC is about 2 in. higher than that of III. 


Ihe door will be locked open when the saddle BC comes down Over the 
centerline of AD. (BC is overcentered) 


(2) Operation (Fig. 3-25) 
A. Gear Retraction 
The roller attached to the main shock strut pushs the saddle 


upward and the door is closed in a sequence from IV to TII, IT C 
and finally to I. 
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The door does not have its own up-lock mechanism, nowever, tne q 
gear is locked in up-lock position locking the door indirectly 
in its up-lock position. (Closed position) 


B. Gear Extengion 


As the main gear is extended, the roller goes into the hoor to 
push it downward. Thus, the door is opened in a sequence rrom 
I to II, III, and finally to IV. At the position IV, the saddle 
is overcentered about 20 to 25mm and retained by the door spring. 


Adjustment (Fig. 3-26) 


А. Detach the door spring and the adjust link (1) from the door 
linkage. 


B. Adjust the lengths of the hook assembly (2) and arm assembly (3) 
and the stop bolt. 


Hook assembly and arm assembly Stop bolt 
Outboard 263 mm 23 mm 
Inboard 232 mm 33 mm 


C. When the landing gear is up and the door is at a standstill after 
overcentering, the clearance & between the shock strut roller (8 
and the guide (T) shall be 2.0mm at least and the nook (2) is set 
back from the guide (T) by O.5 tol.3mm. Adjust the serrations so 
that the difference of the clearances between the L.H. and В.Н. 
(outboard and inboard} rollers and the guide is not more than 0.5mm. 


Fine adjustment not more than O.030in may be made by the stop bolt, 
After the adjustment, make alignment marks on the serrations. 

D. Reduce the clearances of the stop bolts to zero under the conditions 
described in para, С. While keeping the clearances zero, extend 


the bolts (both inboard and outboard) by 1/4 turn to preload them. 


E. With the landing gear down, connect the door spring and the adjust 
link. 


F. Adjust the adjust link so that the door and the nacelle contour are 
flush when the door is fully closed. 


3.4.9 Nose Gear Door Actuating Mechanism 


(1) 
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General 


The nose gear door is attached to the airframe with three hinges, 

The actuating mechanism consists of rod, saddle, lever, cam and brace 
and the lower end of the mechanism, 1.е., the rod end, is fixed to the d 
door. The link mechanism is supported by the brace fixed to the wall 

of the gear well. 
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hydraulic pressure 
of 3,000 psi. 


Е 0.059 to 0.118 in 


Roller 
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ance is provided here 
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Operation 


A. 


E 


Gear Retraction 


D: The levers are held open by the springs securing the cam, 80, 


the rod can not be folded. 


The inner cylinder of the nose shock strut pushs up the lever, 
accordingly, the roller of the lever comes up to tne end | 


of the side arc of the cam. 


|o 


As the shock strut is raised, the saddle pulls up tne rods 
which, accordingly are turned inwards; and the clevis pushes 
up the cgn, end the roller turns from the side erc to the 
end arc of the cam, and the door is fully closed. 


Gear Extension 


As the shock strut is lowered, the rods are turned outwards, 
accordingly the clevis functions to pull the cam to turn and 
the roller comes up to the end arc of the cam. The roller 
further moves to the side arc of the cam. When the door has 
been fully opened, there comes a slight clearance between the 
roller and the cam. Thus, the levers are opened to let the 
shock strut fall down freely from the door link. 


Adjustment 


А. 


Adjustment before installation of the door linkage. 


(A) Make the left and right levers (1) grasp the shock strut 
and adjust the shim (3) so that the levers and the stop 
assembly come in contact uniformly with the shock strut. 


(B) Adjust the stop bolts (h) so that clearance ( is within 
the specified limits when the levers are fully opened. 


Adjust the stop bolts (5) so that it may be in contact with the 
stopper with the doors fully opened but not in contact with 
the fuselage skin. 


Install the door linkage. 


Raise the landing gear slowly and make certain that the clearance 


is within the specified range; at the same time, adjust the 
shim (8) so that the clearances on both sides are equal. 


Make certain that the rubber of both the stop assembly and the 
lever are in uniform contact with the shock strut. 


With the gear up-locked and the control lever in the "NEUTRAL" 
poSition, adjust the rods (6) so that the doors can be closed 


tightly. 


3.4.10, 
(1) 


С, Lower the gear, adjust the clevis (12) und the stop bolts (5; 
to minimize the clearance . 


Н. Adjust the stop assembly во that the clearance between the side 
brace of the shock strut and the stop assembly (13) is 0.197 to 
0.394 in (5 to 10 mm) 


1. Operating the gear up and down, make certain that the clearance 
between the door and the steering cylinder is more than 0.276 in 
(7 mm) on both sides. 


Emergency Up Lock Release System 


General 


The emergency up-lock release system releases the up-locks 
manually in case of the hydraulie system failure. 


The emergency up-lock release handle is located at the front part 

of the right console. A cable extending from this handle is branched 
off into three which are connected to the up-lock levers of the 
respective gears. The pulling force transmitted to the lever from 
the handle is eight times the force needed to pull the handle. The 
cable installation is so designed as to provide some slackness or 
play necessary for the normal operation of the gear. 


Adjustment (Fig. 3-30) 


‘A. Таке off the floor plate CIR in the cockpit and insert the rig 


pin (2) into the sector (1). 


B, Adjust the turnbuckle (3), (4) and (5), so that the clearance 
at QD» and slackness at are in existence. 


С. Adjust the turnbuckle (T) to such an extent that the rig pin 
(2) can be pulled out easily. 


D, Pull out the rig pin (2) and pull the handle (6) fully to make 
certain that all up-locks are unlocked. 


Page hl 


А Door Closed Position Saddle 


we 
af Z 
¥ 
жасауы Ге? 
Бой A Shock Strut Piston 
$ Lever | 


cy 
CA Roller “7 
: N Li 


Brace 


Rubber Stop 


Open Stop 


D Door Opened Position 


Nose Landing Gear Door Actuating Mechanism 
Figure 3—27 


Page 12 


(4) Stop Bolt 
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3.5 Wheel and Brake System 


3.5.1 General 
This system consists of the following sub-systems: 
A. Normal and Parking Brake System 
B. Emergency Brake System 
С.  Anti-skid System 
р. Wheels 


Both of the normal and emergency brake systems are designed to be operated 
hydraulically. ; 


With the exception of the return line, these systems are entirely separated. 
The anti-skid system has been built in the normal brake system. 


/ 
3.2.2 Normal and Parking Brake System 
и 


(1) Сепега1 
The brake is of the conventional power brake type. .Вгаке force іп 
proportion to the travel of the brake pedal is applied to four 
brakes of the main gear. 


The parking brake handle is located in front of the pilot seat. 
When the handle is pulled after the brake pedal is depressed, the 
brake pedal will be locked mechanically by the parking brake system. 


(2) Operation (Fig. 3-31, 3-32) 


A. Depress the brake pedal, and the brake valve in the hydraulic 
compartment will be operated through the rod and cable. 


B. Pressure oil coming from the brake valve flows to the swivel 
joint through the aenti-skid valve. The swivel joint permits 
smooth extension and retraction of the gear without interfering 
with the pipe. | 


С. Pressure oil flows up to the top of the lock-out cylinder but 
never flows further beyond it. Hydraulic pressure, after being 
reduced at a ratio of 919/1000, is applied to_the brake assembly. 
The maximum pressure to be applied is 1,200 +128 psi. 


(3) Brake Valve 
When the brake pedal is depressed, the roller of the lever pushes 


down the spring through the spring support. The spring, then, pushes 
down the spool supplying pressure oil to the brake port. When the 


3 
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Тан | 
А port Down pressure line 

"В" port Landing gear actuating cyiinder 
С" port Up pressure line 


According to operations, the following circuits are made: 


C C 


Gear Down Free Fall 


Gear Up 


(5) Emergency Landing Gear Release Valve 


The handle of the emergency landing gear release valve is located 
under the detachable floor of the cabin aisle. 


When the selector valve is stuck at the UP position, the gear can 
not be lowered; therefore, this valve, shuts off pressure oil just 
before the selector valve and simultaneously connects the UP line 
to the return line. 


3.4.6 Down Lock Mechanism 
(1} General 


Each gear has its own down-lock mechanism by which the gear is locked 
mechanicaily in the down-lock position and it is unlocked hydraulically. 
The down-lock mechanism of the main gear is almost identical to that | 
of the nose gear; when the upper and lower drag links are in straight 
line, the hook fixed on the upper drag link catches the lower drag 

link to prevent the drag link from being foided. 


(2) Operation (Fig. 3-11, 3-18) 


A,B. As the actuating cylinder retracts, the bellcrank fixed on the 
top of the upper drag link rotates (main 7°30', nose 5°), pulling 
the hook until it releases the down-lock. 


С. Ав the clutch is in contact with the bellcrank, the action of 
the actuating cylinder is transmitted to the drag link which, 
therefore, is folded. Subsequently, the landing gear is retracted, 
and the drag link also is folded automatically. 
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(4) 


brake pressure is increased, the spool is forced back upward up to 
the neutral position where brake pressure is balanced with spring 
force. Thus, the normal brake valve functions to produce braxe 
pressure proportional to pedal force. 


Brake Ássemuly 


the brake is a single-plate, self-adjusting brake of such a design 
that three hydraulically operated pistons press a single, ігоп- 
plate dise which rotates together with the wheel. 


When the brake is "ON", the pistons move inwards to press the diac. 
At this time, the spring contracts and the spring guide cames in 
contact vith the spring seat. If the disc and lining are worn, ` 
the piston draws the pin inwards, shifting the spring seat inwards 
by the total amount of wear; 

Even if the brake is released to "OFF", the pin remains at the 


position. 
ihus, the same brake clearance is always maintained. 


Wear limit of disc 


a. (39 thinnest portion of the disc should not be less than 0.75 in 
. (19 mm). 


b. The disc weight should not be less than 29.5 ib (13.4 kg). 

Wear limit of lining 

a. The clearance between the disc and the shoulder of the housing 
on the piston side should not be more than 0.625 in(15.9 mm) 
with the brake "ON". | 


b, The thickness of the lining from its shoulder should not be less 
than 0.125 in (3.2 mm). 


Adjustment of Brake System 


A. Control System Stopper 


(A) Pedal Stopper (protects system) 
(B) Control Valve Stopper (adjusts hydraulic pressure) 


a. Brake OFF Position 
b. Brake ON Position 


B. Adjustment (Fig. 3-36) 


(A) Adjust the length of the rods using the rig pins. 
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(6) 


(В) Adjust cable tension to 49.7 + 4.4 lb at 20°C (Cable tension 
varies by + 0.72 lb per 1°C) 


(C) Adjust the length of the rods (3) and (4) so that rig pin (2) 


the valve lever may came in proper contact with the brake-off 
bolt. 


(D) Adjustment of Brake Pedal Stopper 
& Adjust the pedal stopper so that, when the pedal is de- 
pressed fully, the control valve lever comes in contact 


with the brake-on stopper. 


b. Release the pedal, tighten the stop bolt, turning it two 
more turns and secure it. 


Function Test 


Maintain hydraulic pressure at 3,000 psi and make certain the follow- 
ing functions: 


A. The brake pressure should be proportionally related to the pedal 


depressing force. 


(A) When the pedal pressure has reached about 10 lb, brake 
pressure starts to build up. 


(B) When the pedal is depressed fully with about 60 1b ,ügpressing 
force, brake pressure should be built up to 1,200 - 50 Рі. 


В. Difference in pressures to be applied to the four brake аз- 
semblies should be within: 100 psi. 


C. Parking brake pressure should be about 800 psi. 


3.5.3 Emergency Brake System 


(1) 


General 


This system is an emergency braking device to be used in case of the 
normal brake system failure, and is operated by pulling the emergency 
brake handle located on the pilot side of the center pedestal. 

This system has its own accumulator and its hydraulic pressure is 
supplied by a motor driven pump. The maximum system pressure is 
2,300 psi approximately two times the normal brake pressure of 

1,200 psi. 


Operation 


A. When the emergency brake handle is pulled, the valve lever is 
pulled up through cables and rods. 


and 
etop 
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B. The brake valve produces the brake pressure in proportion to 
the force applied to the handle. The pressure produced, passing 
through the swivel joint, is applied to the shuttle valve. 


C. When emergency brake pressure becomes about 6 to 11 psi higher 
than the normal brake pressure, the shuttle valve attached to 
the brake assembly feeds pressure oil from the emergency brake 
valve to the brake assembly and, then, the normal pressure line 
is closed, 


D. Release the handle, and the valve lever is forced back by the 
returning spring force to the OFF position. Brake pressure 
goes out to release the brake and, consequently, the shuttle 
valve returns to its normal position. 


(3) Emergency Brake Accumulator (Fig. 3-38) 


The emergency brake accumulator is of a spherical, Bendix type (7.5 in). 
To the tee at the top are connected the emergency brake piping and 

the piping for the manual damp valve. The accumulator has a capacity 

of 0.55 gal of hydraulic oil at 3,000 psi hydraulic pressure with 

air pressure of 1,000 psi. 


(4) Adjustment of System (Fig. 3-37) 


A. Insert the rig pin (3) in the pulley (2), and adjust the length 
of the rod (5) so that the valve lever may be in contact with 
the brake-off stop bolt (4). 


B. Tighten the cable turning the turnbuckle, so that there may be 
same slackness of about 0.158 in (4 mm) on the spring at Fus 
Sta. -8730. | 


С. Adjust the position of the adjusting plate (Т) so that the 
emergency brake handle can be pulled on till the valve lever 
comes in contact with the brake-on stop bolt (6). 
(5) Function Test 


Maintain the hydraulic pressure at 3,000 psi and make certain the 
following functions: | 


"A. When the emergency brake handle is pulled fully, hydraulic pres- 
sure in the brake assembly should be 2,300 +0 psi. 


B. When the handle is released and returned, hydraulic pressure in 
the brake assembly goes out. 


3.5.4 Anti-skid System 
(1) General. 


Braking is generally done between the brake disc and lining, however, 
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excessive brake application causes friction between the tire ana the | 
runway surface, resulting in rapid loss of brake efficiency. ( This 
phenomenon is called "skid") 


The anti-skid system functions to minimize this phenomenon, obtaining 
the maximum brake efficiency. 


When the anti-skia switch on the pilot flight instrument panel 15 
set to "ON", this system controls the brake so that the pilot can 
keep depressing the brake pedal. Іп case of the system failure, 
the anti-skid warning light comes on. 
This anti-skid system consists of the following elements: 
a. Skid Detector 
b. Control Box 
« 
c. Pressure Modulator 
а. Anti-skid Control Valve 
(2) Operation (Fig. 3-39) 


A. When the anti~skid switch is turned to "ON" 


(A) Pail sefe relay Z is energized, storing electric power ( 
good for 3.5 sec. 


(B) Consequently, the secondary power relay Xo is energized. 
(C) The power relay Хі does not work. 


(D) The recovery relay Y is energized, storing electric power 
good for 0.3 sec. 


B. When the tire is about to skid 
The skid detector generates skid signals. 


(A) The relay Х1 is energized, supplying electric power to the 
anti-skid valve, returning pressure oil -- BRAKE OFF. 


(B) Electric power supply to Z and Y is stopped but supply of 
the stored electric power to Z and Y continues. 


C. If the skid signal stops within 0.3 sec. 


(А) Хі is instantly switched off and the anti-skid valve returns 
to the BRAKE ON position. 
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(h) 


(5) 


D. When the skid signal continues for more than 0.3 sec and stops 
within 3,5 sec. 


(A) After the relay Y consumed the stored power, the relay Xj 
makes a self-hold circuit. 


(B) Thus the X] keeps working and the brake is kept at the OFF 
position even after the skid signal has stopped. 


E. If the landing gear speed becomes to normal speed within 3.5 sec. 


(A) The acceleration of the gear results in switching on tne 
recover side of the detector. 


(8) The relay Y is energized and breaks the self-hold circuit 
of the Xi... 


(C) But the X1 can not be switched off because the current which 
passes through Rj is weak. | 


(D) When acceleration of the gear has stopped and the recovery 
contact is switched off, the contact of the Х1 is also 
switched off setting the brake to the ON position. 


Е. ІТ the skid signal does not stop even after 3.5 sec. 


(A) The relay Z consumes electric power, so the relay Xo returns 
to zero, cutting the electric power supply to the anti- 
skid valve. (Brake ON) 


(B) At the same time, the:anti-skid warning light comes оп. 
Skid Detector 


The skid detector installed on the main gear is of an inertia switch 
type. If the wheel is decelerated at a rate of angular velocity 
over 45 rad/sec?, this detector generates skid signal; and generates 
recovery signal when the wheel speed is increased suddenly. 


Anti-skid Control Box 


This box is installed on the right-hand wall of the electric com- 
partment. 

The anti-skid control valve is controlled according to the signal 
and its duration from the detector. 


Anti-skid valve 


This valve is installed on the left front corner of the hydraulic 
compartment under the normal brake valve. This valve is a solenoid 
valve, and brake pressure line comes to this valve passing through 
the normal brake valve. When this valve is energized from the 


control box, the port leading to the brake valve is closed and © 
pressure oil goes out through the return line. 


Anti-skid Modulator 


Brake pressure line goes to the brake valve passing through this 
modulator. mu 

This modulator consists of cylindrical accumulator and orifice. 

When the skid signal is generated, pressure oil stored in this 
modulator is consumed. Replenishment of pressure oil from pressure 
source is not enough due to the function of the orifice, so the 
amount of pressure oil consumed by the system always exceeds the 
amount of pressure oil replenished. Thus, pressure in the modulator 
drops, decreasing the brake pressure until skidding is stopped. | 
The filling air pressure of this modulator should be 250 + 50 psi. 


3.5.5 Wheel and Tire 


(1) 


3 - 
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General 
A. Wheel 


(A) Magnesium alloy casting 


(B) Dividable at the center into two, joined together with bolts. 


Between the two halves, the seal is installed. 


(C) Provided with the taper roller bearings, two each. 
(D) No brake is installed on the nose gear. 


The wheels are connected by the co-rotating shaft in the 
axle. 


B. Tire 
(A) Low pressure tubeless tire 


(B) Type, size, etc are shown below: 
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3.0 Steering System 


3.6.1 veneral 


Steering operation can be done by turning the steering handle installed 
on the left-hand console in the cockpit. 


Turn the steering handle, and the valve of the steering unit attached to 
the nose shock strut is turned through a cable allowing pressure oil to 
turn the torque link. The lower end of the torque link is connected to 


the nose gear inner cylinder, therefore, the inner cylinder is turned, 
steering the nose gear. 


-ne proportion of the handle turning angle to steering angle is four to 


one (4 : 1). The maximum steering angle is 50 degrees on either side. 


3.6.2 Operation 


hydraulic pressure fron the down line of the gear is supplied to the steer- 
ing unit through the filter. 


ine steering unit consists of a valve and cylinder; when the steering 
hendle is turned, the valve is moved by the cable allowing pressure oil 
to flow to the cylinder. 


The rack of the piston rotates the collar gear (torque arm rotates) and 
the nose gear is steered. 


(1) Neutral 


The steering handle is positioned at the center and the arm is 
vertical. The piston remains at the center, therefore, the torque 
link is situated behind the shock strut. The wheels face the front. 
This is the neutral position before starting operation. 


(2) When the Handle Is Turned to Right. 


Since the piston still remains unmoved, the right cable is pulled 
and the left one is slackened. Ав the result, the double pulley 

is pushed leftwards and the arm is tilted. At this time, the valve 
spool is also moved leftwards by the yoke. Then, hydraulic pres- 
sure oil enters the left side of the cylinder, starting to move 

the piston towards the right. 


(3) When the Piston Moves Rightwards. 


Tne rack turns the collar gear and the wheel gradually steer to the 
right. The cable end attached to the piston also moves to the 
right together with the piston pulling the slackened left-hand 
cable and, on the contrary, slackening the pulled right-hand cable. 
As the difference in tension between the left and right cables 
decreases, the yoke returns to the original vertical position. 
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When the nose wheel steers to the right at such an angle as propor- 
tional to the handle turning angle, the valve returns to the neutral 
position and the nose wheel stops at this angle. 


3.6.3 Adjustment (Fig. 3-14, 3-45) 


(1) Insert the rig pins (1) and (2), and, turning the turnbuckle, 
adjust the cable tension to 24.3 + 2.2 lb at 20°C. 
(Cable tension varies by +0.7 lb per 1°C) 


(2) Increase hydraulic pressure and, operating the steering handle, 
make certain that the torque link can be moved smoothly. 


(3) Make certain that, when the handle is set at tne neutral position, 
the torque link also stops at the corresponding position; and, 
when the handle is turned fully to the left and right, tne 
torque link also turns 50° + 3° to either side. 

(Қ) Adjust the stop bolt (№) in Fig. 3-45, so that the clearance ey, 
is within the specified limits. 


(5) Make certain that, when the torque link is moved with the 


hydraulic pressure on, the steering handle turns freely, follow- 
ing the movement of the torque link. 
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Steering System 


GENERAL 


In order to make turning on the ground in smaller space possible, the following 
modification is accomplished, whereby the minimum turning radius is reduced 
smaller by increasing the maximum steering actuating angle from its' standard 
value of 50°, up to 60°, 


(1) The overall length of the steering cylinder is increased to obtain a longer 
Stroke, and at the same time the pitch circle diameter of the pinion gear is 
reduced. (New P/N 01-72027-1) 


(2) To compensate for the resultant change in the installation of the steering 
cylinder and in the stopper angle, the cylinder oí the nose landing gear, 
and the steering cylinder control valve cover are modified. 


(3) Modification is made to eliminate interference between the nose gear doors 
and other components, due to the increased length of the steering cylinder. 


(4) The stopper is modified to accept the increased actuating angle of the 
steering handle. (New P/N 01-81752-3) 


Turn the steering handle, and the valve of the steering unit attached to the nose 
strut is turned through a cable allowing pressure oil to turn the torque link. 
The lower end of the torque link is connected to the nose gear inner cylinder, 
therefore, the inner cylinder is turned, steering tne nose gear. 


The proportion of the handle turning angle to steering angle is four to one (4:1). 
The maximum steering angle is 60 degrees on either side. 


ADJUSTMENT 


(1) Insert the rig pins (1) and (2), and turning the turnbuckle, adjust the cable 
tension to 24.3 + 2, 2 lb at 20°C. (Cable tension varies by + 0.7 lb per 1°C) 


(2) Increase hydraulic pressure and, operating the steering handle, make 
certain that the torque link can be moved smoothly. 


(3) Make certain that, when the handle is set at the neutral position, the torque 
link also stops at the corresponding position; and, when the handle is turned 
fully to the left and right, the torque link also turns 60? + 9. Бо to either side. 


(4) Adjust the stop bolt (4) in Fig. 2, so that the clearance <» is Within the 
specified limits. 


(5) Make certain that, when the torque link is moved with the hydraulic pressure 
on, the steering handle turns freely, following the movement of the torque 


link. 
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3.7 Landing Gear Position Indication nud Warnings С. 


stem 2 


This system is for the indication of the lanuing gear position ала wern- 
ing, and consists of the following three systems: 


À. 


B, 


C. 


Landing Gear Indication and Warning System 
Main Gear Down Lock Visual Check System 


Nose Gear Down Lock Visual Check System 


3.7.1 Landing Gear Indication and Warning System 


This system consists of the following three sub-systems, all of which. 
operate on electric power from the DC emergency bus. 


(1) 


(2) 
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Landing Gear Position Indicator 


The position of the landing gear is indicated by three green lamps 
and one red lamp. When the three gears are extended and locked at 
the DOWN LOCK position, the down-lock switch fixed to the top of the 
lower drag link of each gear is pressed by the down-lock hook and 


three green lamps came on. 


If one gear is not down-locked, the corresponding green lamp does 
not come on and the red lamp comes on. e 


When the three gears are retracted and locked at the UP LOCK position, 
each up-lock switch is pressed by its link mechanism and the cir- 
cuit is broken, and all four lamps go out. 


Warning System 


A. When one of three gears is not locked at the DOWN LOCK position, 
if the throttle lever is pulled back beyond the flight idle 
position, the red lamp on the head of the landing gear lever 
comes on and also the buzzer on the cockpit ceiling sounds. 

(the buzzer can be stopped). 


B. Like A above, with one of three gears not down-locked, if the 
flap is lowered more than 22.5 degrees, the said red lamp comes 
on and the buzzer sounds. (buzzer can not be stopped) 


Landing Gear Control Lever Safety Device 


The landing gear control lever is designed to be held by the safety 
solenoid pin which prevents the lever from being raised beyond the 
neutral position when the aircraft is on the ground. 

When the left main gear becomes clear off the ground and is fully 
extended, the scissor switch is switched to FLT ON and the solenoid 
pin is electrically drawn back, moving up the lever can. © 
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3.7.2 Main Gear Down Lock Visual Check System 


When the electrical landing gear position indication system does not чогк, 
the down-locked main gear can be ascertained by visual inspection, 

through the window at the rear cabin, and the gear position indicator at 
the lower end of the drag link. 


When the gear is locked at the DOWN LOCK position, red fluorescent paint 
with stripes on the inner cylinder becomes visible through the opening 
of the outer cylinder. For easier confirmation, a lamp is provided 
above the indicator. ` 


3.7.3 Nose Gear Down Lock Visual Check System 


Open the peep hole on the floor under the center pedestal in tne cockpit 
and the nose gear down-lock ean be seen in the mirror through the window 
on the front wall of the electrical compartment. 


The nose gear down-lock mechanism is coated with red fluorescent paint. 
When the nose gear is locked at the DOWN LOCK position, the red fluores- 
cent coating appears continuous. As this area is dark, a lamp is installed 
to illuminate the down-lock mechanism, 


3.7.4 Adjustment (Fig, 3~48B) 


Accomplish this adjustment after the flap and the mechanical stopper have 
been adjusted. 


(1) 


(2) 


(3) 


(5) 
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Adjust shims (3) so that the distance D between the center of rotation 
of the cam (1) and the center of the cam actuated rod (2) is 20+1шш and 
install the plate (4). | 


Install the connecting rod (5) во that the dimension & is 43-0,5шш. 
Make sure that the clearance 15 1.5 %о2.0шп. 


With the flap down, measure the flap angle with а protractor and stop 
it at 22.5?z1?. 


Adjust the serration of the cam actuated rod (2) so that the cam actuat- 
ed rod (2) rests on the center Jine of the cam (1) under the condi- 
tions described in para. (3) and install it. 


Adjust the attachment of the plate (T) so that the switch (6) slides 


smoothly along the contour of the cam and it is actuated roughly at 
the center of the cam slope. 
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Chapter 4 POWER PLANT 


4.41 General 


| The Rolls Royce Dart MK542-10 turboprop engines are installed on the 
aircraft as complete power units. 


This power unit consisting of the engine, propeller, engine mount, piping 
and wiring is a replacement unit which can be installed in any nacelle. 


The propeller can be handled as a replacement unit and the power unit with- 
out the propeller is also a replacement unit, while the propellers are 
also interchangeable, 


The engine is mounted on the engine mount at its three forward points while 
the mount is attached to the nacelle subframe at its four rear points. 


Around the engine mounted on the nacelle are installed the cowling, fairing 
and panels on which are provided the inlet and outlet ports for cooling of 
the engine and gear box, and accessories mounted on them. 


The engine is a gas turbine engine with a 2 stage centrifugal compressor 

and 3 stage turbine. The engine controlled by the throttle in the cockpit 

through cables and control rods, drives the propeller, while the exhaust 

gas at high temperatures from the turbine section flows through the ex- 

haust pipe over the upper surface of the wing and is ejected outboard from 
v the end of the nacelle, developing a little thrust. 


The accessories are installed in the upper part of the nacelle. The engine 
shaft drives the DC generator, AC alternator, hydraulic pump, supercharger 
etc, through gears and drive shafts &t reduced speeds. 


Engine Data 

Power: (at I.S.A., Se& Level, Static Condition) 
RPM SHP Thrust TEHP 

Take-off 15,000 2,775 ThO 1b (336 Kg) 3,060 
(with W/M) 
Take-off 15,000 2,400 660 15 (299 Kg) 2,655 
(without W/M) 
Max, Continuous 15,000 2,400 660 15 (299 Kg) 2,655 
Max, Cruise 14,200 1,880 525 lb (238 Kg) 2,080 


NOTE: In calculating SHP, TO HP required to drive the gear box 
has been taken into account. 


ТЕНР = SHP Thrust (1b) 


2.6 
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Dimensions: 


Diameter Max, (bulkhead) approximately 38 in, 
Length 99.5 in. 
Weight (dry) Max, 1,377 1b. 
Propeller Counter clockwise viewed from the rear. 
Engine Clockwise viewed from the rear. 
Propeller: 4 blade, variable pitch 
Diameter 14.6 ft. 
Reduction Ratio: 0.0775 : 1 
Compressor: 2 stage, centrifugal 
Pressure ratio 6.25 : 1 
Mass air flow 26.5 1Ъ/5ес 
(Т.5.А., 15,000 rpm) 
Combustion Chambers: T interconnected chambers 
Ignitors are provided in No. 3 and No. T. 


1.2 Engine 
4.2.1 Summary 


The engine is a turboprop engine which drives the propeller and the 2 
stage compressor with the 3 stage turbine. 


Direction of Rotation: 
B 

. 
| This engine consists of the 2 stage centrifugal compressor, 7 combustion 

| chambers and 3 stage axial turbine. The compressor is driven by an 

| outer shaft connected directly to the turbine and the propeller is driven 

x by an inner shaft provided in the outer shaft and connected directly to 

the turbine, through the reduction gears. 

Air taken in from the engine front enters the first stage compressor, 
pressurized here and, then, enters the second stage compressor, pressurized 
here again. 


Air leaving the compressor enters the combustion chambers in which fuel 
is injected to burn. The air becomes a suddenly expanded gas flow and 
passes the turbine. 


The most part of the energy contained in this expanded gas is absorbed by 
the turbine which drives the compressor and the propeller through the ге. 
duction gears, generating the propeller thrust. The energy not absorbed 
by the turbine passes the jet pipe and is ejected rearwards, developing а 
little amount of available thrust. Water/methanol can be injected to 
augment the engine power. 
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4.2.2 
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Major Components 
The engine consists of the follov|ng major components: 
(1) Air Intake Casing Section 
Air Intake Cowling | 
Air Intake Casing 
Reduction Gear 
011 Tank 
Bevel Gear Assembly 
(2) Compressor Section 
A. Front Casing 
Rotating Guide Vane 
Compressor (Impeller) 
Diffuser 


В. Main Casing (Interstage Casing) 


inner Casing 
Interstage Guide Vanes 


C. Outlet Casing 
Rotating Guide Vanes 
Compressor (Impeller) 
Diffuser 

(3) Combustion Section 
A. Combustion Chamber 


Burner 


В. Intermediate Casing 
(4) Turbine Section 


Nozzle Box 

Nozzle Guide Vanes 
Turbine Assy 
Bearing Housing 
Heat Shield 


(5) Exhaust Section 
Exhaust Unit 


Jet Pipe Assy 
Jet Pipe Shroud 
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(1) 


(2) 


(3) 


(4) 
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The air intake casing is made of magnes Lum casting. 


On the Tront of the casing is attached the nose cowling with the elec- 
trical deicer system and on the rear side of the cowling is installed а 
flange which fits the nacelle cowling. 


On the L.H. side of the casing are installed the oil filter, water/ 
methanol unit and fuel pump, On the В.Н, side are installed the pro- 
peller control unit (P.C.U.), feathering pump and starter motor. On 

the top is located the oil cooler, while on the lower side are installed 
the engine oil system accessories. 


In the casing are located the reduction gear for driving the propeller, 
oil pump and oil tank. 


The compressor front casing is made of magnesium casting. 


The main casing (interstage casing) is made of AL ALLOY. The 2 stage 
centrifugal compressor is retained in this casing. 3 engine mounting 
fittings are provided on the main casing. 


On the lower side is installed the hot air gate valve. On the L.H. lower 
part and the R.H. upper part are installed the fuel flow control unit 
(F.C.U.) and the oil pressure transmitter, respectively. 


On the outlet casing are installed the breather outlet, accessory drive 
adapter and compressed air spill outlet. The engine fire wall is also 
fixed to this casing. The compressed air enters T combustion chambers 
from the compressor outlet casing. 


Around the intermediate casing are arranged the combustion chambers 
which are connected to the turbine nozzle box. 


In each combustion chamber are provided a flame tube and burner. The 
burner injects fuel into the tube, mixing it with air for combustion. 


The high energy ignition plugs are provided in No. 3 and No. T combus- 
tion chambers only to be used for starting. The flame is propagated to 
the remaining chambers through the interconnectors. 


Air burnt and heated in the combustion chambers enters the turbine іп 
the nozzle box. 


The turbine wheel consists of discs made of chrome-molibdenum steel 
and blades. | 


This 3 stage turbine absorbs the most of the energy contained in the gas 
flow and converts it into torque to drive the compressor, propeller and 
accessories. | 


The gas temperature (turbine gas temperature, T.G.T.) at the turbine 
exposed high temperatures and pressures is an important parameter for 
engine control and the temperature is measured by thermo couples 
located on the second stage nozzle guide vanes (between the first апа 
the second stage turbine wheels). 
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(5) The gas leaving the turbine is sent to the jet pipe smoothly by means of 
the exhaust unit provided in the engine nozzle box, reducing the back 
pressure acting on the turbine, 


Engine Mount (Fig. 4-1) 


The engine mount is of steel pipe frame construction and its end fittings 
ere all made of forged steel. 3 ү shape steel pipe structures are joined 
together with end fittings and 3 forward points are supported by fittings 
which are attached on the compressor casing. 


The engine mounting feet and engine mounting spherical pieces are joined 
together at the engine mount end fittings and tightened with hollow tighten- 
ing bolts screwed in through bushes, A locking bolt with L.H. screw is 
inserted into the hollow, tightened and locked with a tab washer. 


The mount attaching fitting attached to the engine mount rear support B is 
fixed to the subframe and the fire wall with shear bolts. 


The 4 engine mount rear supports are fixed to the mount attaching fittings 
with locking nuts through spherical pieces, that is, ball end halves of the 
engine mount end fittings. The locking nuts are fixed by the lock plates. 


% KF 


Engine Mounting Foot 


Engine Mounting Spherical Piece 


(Engine Attaching Parts; 
Handle with care) 
Bush 
Tightenning Bolt | 
(Torque 7007—9001 b) 
Tab Washer a > 


Locking Bolt 
(Torque 
450~500in - Ib) 


Locking Nut 
(Torque 2000~2500 in-1b) 


Locking Plate 
Engine Mount End Fitting 


Fixing Plate 
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| 
Locking Plate Fitting 


Engine Mounting 
Figure 4—1 


Detail A 


Sud Frame End Fitting 


Spherical Piece 
(Caution: Spherical face shall be aft) 


Mount Attaching Fitting 
Fire Wall Bulkhead 


Detail B 
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Cowling and Fairing 


4.4.1 Summary 


The nacelle in front of the fire wall is faired with the cowling and the 
fairing provided in the forward lower part of the fire wall. 


When the cowling and the fairing are closed, the overlapping part serves 
as sealing. The fairing is usually kept installed but it can be removed if 
necessary. The cowling opens rearwards like flower petals. 


NOTE: For the gear box top cover in the rear of the fire wall, exhaust 
pipe upper cover and gear box side cover, see Chapter 2. 


1.1.2 Cowling (See Fig. h-2, 3, ,, 5 and 6) 


The engine cowling consists of 4 panels. The L.H. and В.Н. side panels are 
attached to the L.H. and В.Н. nacelle hinges, respectively, the top panel 

is joined to the L.H, side panel and the bottom panel to the R.H. side panel, 
through respective hinges. 


The cowling made of light alloy, is of double skin construction with partial 
single skin. The forward ends of the cowling panels are fixed to the engine 
air intake cowling with screw type fasteners. The top and bottom panels 

are fastened with latch hooks. The fairing and the side panels are fastened 
with latch hooks at one location on the L.H. and В.Н. sides, respectively. 


When the cowling is opened, the cowling panels are locked with main cowling 
supports, l ea. The top and bottom panels are locked to the side panels 
with auxiliary cowling supports, 1 ea. 


On each cowling panel is provided a fire wall to separate the compressor 
section from the hot section when the cowling is closed. 


On the L.H. side panel are provided the oil filter cap access panel and 
fuel filter access panel which are all fastened with hinge latches, On the 
L.H. side panel are provided fire access doors for ¿one i and Zone 11 
through which the hoses of the fire extinguishers on the ground can be 
snserted for extinguishing fire. Аз the doors are closed by spring force 
only, they can be opened by pushing in the hose nozzles. The fire access 
door for Zone I is provided on the pressure reliei door. Tne pressure 
relief door is provided on the L.H. Side panel. This door relieves the 
pressure in & Space between the engine and the cowling to prevent the high 
pressure due to the engine casing failure from damaging the aircraft. 


The door is fastened to the hinge at its forward part and the rear part is 
fastened with rivets. 


As the inner pressure rises, the rivets are shorn, opening the door outwards. 
As the pressure decreases, the propeller slip stream closes the door 
automatically. 
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4.4.3 Fairing (See Fig. 4-2, 3, 4, 5 and 6) 


The fairing in the forward bottom section of the fire wall is of single sxin 
construction made of light alloy, being fixed to the fire wall with bolts. 
This fairing can be removed if necessary. 


On the L.H, and В.Н. sides of the upper part of the fairing are proviced 


latches with which the fairing can be fixed to the cowling side panels 
securely. 


The latches are of the same kind as that used on the cowling., Inside the 
fairing are provided the outlet duct for the engine turbine cooling air and 
the hot air duct for the fuel heater. 

4.5 Accessory Drive Gear Box 


1.5.1 Summary (See Fig. 4-7) 


The accessory drive gear boxes are installed between thé airframe fire val. 
and the wing spar in the upper part of tne L.H. and К.Н. nacelles, respectively. 


Between the engine and the gear box is provided a drive shaft which trans- 
mits engine power to the gear box. 


The gear box is bolted to the sub-frame in the nacelle with brackets at the 
front end of the drive shaft and at both ends of the main casing. 


At the front end supporting point, е support assembly with a Гегобевоов 
bush av the front end of the drive shaft housing is attacned to the airframe 


fire wall with 4 bolts. 


The L.H. side bracket of the main casing is atteched to the sub-fraze Tivting 


through a lifting ritting, taking Inco account thermal expansion апа nanu- 
facturing tolerances. Іп the bolt holes of the bracket are used tne ѕрпе- 
rical bearings. 


Around the gear Оох is provided а bulkhead which collects leaked or drain 
oil, 


Around the unit are arranged the fire detectors. The gear box becomes ас- 
cessible by opening the hinged top cover. On this cover is also proviced 
an access cover through which tne oil level can be checked with a dip stick. 
4.5.2 Gear Box 
L H, instailation 
Туре (C) P.T.G. 14/22 (with propeller Ъгаке, L.H. engine) 


В.Н. installation 


Туре (С) P.T.G. 14/23 (without propeller brake, В.Н. engine) 
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5.5.3 Gear Box Drive (See Fig. 4-9 and 10) 


The engine power is transmitted from the impeller shaft gear installed on ` 
the 2 stage compressor drive shaft (H.P. impeller shaft) to the gear box drive 
through 4 gears in the outlet casing and, then, to the gear box tunnel shaft 
through the universal joint, driving accessories through the reduction gears. 
The gear box shaft is provided with a quill shaft which fails when the gear 
box drive shaft is subjected to an overload. 


The quill shaft failing torque 


Max. Safety Torque 11,600 lb.in 
Gear Box Input Gear Ratio 0.3448 


4.5.4 Gear Box Accessory Attachment (See Fig. 4-7 and 8) 


Reduction Ratio 
(against gear box input) 


iternator Rotax, 30kV 1.758 
Tachometer Generator Smiths 0,125 
Cabin Supercharger ` Godfrey 2.333 
2.C. Generator Jack & Heintz 12KW 1.490 
hydraulic Pump Vickers 0.77 
Synchronizer Alternator Dowty Rotol 1.077 
Propeller Brake Dunlop 1,071 


NOTE: For details of the gear box, see Dowty Rotol, Maintenance Manual 
922A. 
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4.6 Cooling and Ventilation System 


4.6.1 Classification (See Fig. 1-11) 


The cooling and ventilation system of the engine and gear box is described 
here, 


The engine and the gear box areas are vented to cool them and accessories 
and to ventilate air around them. The nacelle is divided into the following 
4 zones in view of fire protection: 


Zone 1: This zone is located in the forward part of the engine 
between the rear part of the engine nose cowling and the 
engine fire wall. 


Zone 2: This zone includes the engine hot section; combustion section 
and turbine section, extending rearwards from the aircraft 
fire wall, including the interior of the exhaust pipe. 


Zone 3: This zone being the nacelle portion behind the aircraft fire 
wall, is divided into Zone 3 Upper and Zone 3 Lower. 
Zone 3 Upper is separated from Zone 3 Lower by the shear panel 
and wing structures. 


Zone 4: This zone is an area where the accessory drive gear box is 
provided, located in the forward, upper part of Zone 3 Upper, 
being separated from Zone 3 Upper by a bulkhead made of. 
aluminum alloy. - 


4.6.2 System (See Fig. 4-11) 


The cooling air enters Zone 1 from the air intake scoops provided 2 ea. in 
the forward lower part of the L.H. and В.Н. panels of the cowling and 1 ea. 
(oil cooler) in the upper part. 


Air after cooling and ventilating Zone 1, is discharged from the engine oil 
cooler outlet port provided on the upper panel of the cowling. 


In Zone 2 are provided T air intake cowlings. The air intake scoops аге 
provided 2 ea. on the L.H. and В.Н. cowling side panels and two on the top 
cowling, respectively. The louver type air intake is provided 1 ea. in the 
rear of the top cowling. 


After the air entered from the air intake cooled the hot section of the 
engine, it flows along the annular gap between the engine exnaust unit and 
the exhaust cone shroud into the jet pipe and it is ejected outboard together 


with the engine exhaust. 


The air intake scoop on the top panel is provided to cool the forward and 
rear universal joints of the gear box drive shaft. 


The louver type air intake not only takes in air, but also discharges warm 
air to speed up cooling of the turbine section after the engine is shut down, 
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The cooling air for Zone 4 enters from the 2 air intake scoops provided on 
the forward part of the gear box top cover and it is discharged from the 
louver type outlet provided in the rear of the gear box top cover after 
cooling the gear box and accessories. 


After cooling the alternator control unit, air entered from tne air intake 
scoop in the R.H. forward, lower part, ventilates Zone 3 Lower and is dis- 
charged from the louver type outlet located on the R.H. side of the nacelle 
close to the wing lower surface. 


L.T Exhaust System 


4.7.1 Summary (See Fig. 1-12) 


The exhaust system sends the hot gas from the turbine section over ine wing 
upper surface and discharges it rearwards. The exhaust pipe consists oi 

the exhaust cone shroud, jet pipe, blanket and jet pipe shroud. At its front 
end, the exhaust cone shroud is fixed to the aircraft fire wall with bolts, 
while its rear end can slide along the supporting fitting fixed to the jet 
pipe, permitting thermal expansion. To tne rear end of the exhaust cone 
shroud are joined the jet pipe shroud on its outside апа the jet pipe on 

its inside with flexible joints. 


The exhaust pipes are interchangeable between the L.H. and the Г.Н. engines 
except the attachment of the supporting shaft for the rear support point 
which is symmetrical. 


The exhaust cone shroud is installed around tne engine exnaust unit. Tne 
cooling air of Zone 2 passing the gap between the above two, is led to the 
jet pipe by Venturi effect which is seen wnen the exhaust gas enters the 

jet pipe from the exhaust unit, making the coolings of Zone 2 more effective. 
The jet pipe is covered by blanket and furthermore by the shroud to prevent 
overheating of the structures around the jet pipe. 


The cooling air taken in from the intake scoops on tne sides of the nacelle 
passes the inlet duct of the exhaust cone shroud, passing the gap between 
the blanket and the jet pipe shroud and is discharged outboard from tne rear 
end, 


In order to prevent the exhaust gas discharged from tne jet pipe from flowing 
back into the nacelle, the gap between tne exhaust pipe and the nacelle 
structure is sealed with sealing cloth at the end. 


4.7.2 Major Components (See Fig. 4-13, 14, 15, 16 and 17) 


(1) Exhaust Cone Shroud 


The exhaust cone shroud is of seam weld construction made of 347 
corrosion resistant steel 0.032 in thick, approximateiy 480 mm long with 
the front diameter of approximately 635 mn and the rear diameter of 600 
mm. The rear half is of double co-axial construction and air from the 
air scoop on the nacelle side is sent to the room between the two 


skins. 
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(2) Jet Pipe 
] 


The jet pipe is of seam weld construction made of 247 corrosion resizt- 
ance steel 0.032 in thick, approximately 3500 пл long, curved along tre 
contour of ihe wing upper surface. 


(3) Blanket 


The blanket is made of heat shielding material sandwiched ty corrosion 
resistant steel foils, the thickness being 0.5 in. The neat Snieidlng 
material is made of laminated "Refrasil Fibrous Silica," fiber of sili- 
con oxide, which is very light and can stand heat up to 1000°С. 

In addition,it is a good insulator at elevated temperatures against 

heat and electricity. The stainless steel foils, 0.003 in thick outsice 
and 0.004 in inside, are corrugated to increase strength and to permit 
expansion and its ends are welded to prevent entry of fuel, water etc. 


In order to eliminate the pressure difference between the outside and 
the inside of the blanket when the engine is started or the operating 
conditions change, it is provided with breather holes which are covered 
by screens so that fluids can not enter them. 


The blanket conforming to the shape of the jet pipe, consists of 4 pieces, 
each being divided into two parts, upper and lower. 


(8) Jet Pipe Shroud 


The jet pipe shroud is a structure of 2024-Th seam welded pipes 0.025 in 
thick bolted together with a diameter of 470, split into 3 pieces. 


On the lower surface of the lowest position of the curved section cor- 
responding to the jet pipe drain hole is provided a drain connection througn 
which fuel accumulated in the jet pipe goes down to the drain box in the 
nacelle, | 


The intermediate section is divided into the L.R. апа R.H. halves with 
the upper and lower flanges bolted together and on the forward and rear 
sections of the upper flange are provided two lugs for lifting used when 
the shroud is removed or installea. 
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4.8 Ensine 


Control System 


1,8,1 Summary of Power Control (Pig. 4-18) 


The power control system consists of the following sub-systems: 


Throttle Control System 
Trim Control System 
К.Р, Cock Control System 


The above controls are operated from the pedestal in the cockpit. 


Qn the 
On the 


pedestal are provided three levers (low stop, throttle and H,.P.C.). 
lower ends of these levers are located micro switches. 


(1) Features of Pedestal 


Á. 


B. 


C. 


The throttle lever, low stop lever or H.P.C. lever can be removed 
from the pedestal easily, independent of the others. 


Not to mention the throttle micro switch which requires fine adjust- 
ment, the switches for the other two levers can be finely adjusted. 


Micro switches (amounting to 22) are neatly arranged in the сотоаг- 
atively scanty forward space of the pedestal. Апу опе of them can be 
easily replaced if necessary. 


(2) Features of Each Lever Control Linkage 


Ae 


Оп the ends of cables in the Т.Н. апа R.H, nacelles are installed the 
end pulleys symmetrically. In the L.H. nacelle, the synchro corrector 
unit is tied in the throttle lever control. 


When both throttle and trim control systems are rigged, it is important 
to confirm the datum position of the corrector unit, 


The end pulley (nacelle quadrant) and the engine control box are linked 
together with push pull rods and control rods. 


As long as the aircraft side rigging is concerned, the throttle systen, 
Н.Р.С. system or trim system moves independent of the others. However, 
they can move independently only up to the engine control box and 

from this point on, they are mutually interrelated in their movement. 


4.8.2 Composition and Functions of Pedestal 


(1) Structure of Pedestal Frame (Fig. 4-19) 


The pedestal consists primarily of the following three parts: 


Front box ........ In the box is contained a box in which micro 
Switches are installed. 


Lever base ....... On the base are installed levers and their shafts. 


On the upper surface are installed a control panel 


Rear DOX ......... 
for the W/M and trimmer. 
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Phe right end of the shaft is supported by the same ball bearing. 
This bearing 15 caulked in the gust lock lever mounting bracket. 
The bracket itself is mounted on the front box side and the lever base 
side with two bolts, respectively. 


On the low stop shaft are mounted two arms, & hinge and a hook, integral 
with the shaft. 


The switch operating arm on the left hand moves the low stop micro 
switch actuating rod. The low stop hook on the right hand is linked to 
опе inter-lock lever of the gust lock system. 


I? the low stop lever is pushed forward, the shaft rotates forward and 
tne hinge at the center of the shaft catches the butterfly sector. 


This butterfly sector prevents both throttles from opening fully at the 
Same time when the gust lock is on, 


in order to determine the low stop lever positions clearly, the flight 
position and ground position dents are provided on the guide. 


As the movement of the low stop lever is affected by the gust lock lever 
position, the low stop lever can not be placed in the flight position if 
the gust lock lever is not disengaged. The ground position can be 
obtained if the low stop lever is pulled up and rearwards. 


Details of H.P.C. Lever (Fig. 4-22) 


The Н.Р.С. lever rotates around the H.P.C. shaft and the H.P.C. lever 
guide is mounted on the H.P.C. shaft with the guide securing bolts. 


The L.H. and R.H. levers are connected to the rods actuating the L.H. 
and R.H. micro switches in the switch boxes, respectively. 


At the same time, the L.H, and R.H. engine operating rods are connected 
to the lever arms. The guide has the following four lever position 
dents: | 


High Stop Withdrawal 
Fuel On 

Fuel Off 

Feather 


If the H.P.C. lever is placed in the high stop withdrawal position, the 
"Т.О." mark is selected in the control box on the engine side. The 
H.P.C. control system is adjusted at this position. "FUEL ON" and 

"FUEL OFF" positions are determined with the dent positions of the guide 
by adjusting the H.P.C. lever slots to the engine installed. 


"PRATHER" position is so designed that the lever is caught by "Е" 
stopper of the engine control box on its way and it serves as the 
reference point when the micro switches are adjusted, 
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4.8.3 Relativity of Gust Lock, Low Stop and Throttle (Figs. 4-21 and 23) 


The throttle and the low stop are mechanically eonnected to the gust lock 
lever so that the aircraft can not be taken off without disengaging the 
gust lock. 


(1) 


(2) 


(3) 


Both L.H. and В.Н, throttle levers can not be advanced to the max. power 
position when the gust lock is on. Either one can be moved to the 
position at a time. 


The low stop lever can not be moved manually from the ground position 

to the flight position when the gust lock is on. On the contrary, tne 
gust lock can not be engaged when the low stop lever is in the flight 

position. 


When the gust lock is disengaged, the L.H. and R.H. throttle levers can 
be moved to the max. position at the same time and the low stop levers 
can be moved manually to the flight position easily. If the pilot 
advances both throttle levers, paying no attention to the low. stop 
levers, tne throttle levers drag the low stop levers to the flight 
position. 


4.8.4 Composition of Micro Switch Groups (Fig. 4-2h) 


(1) 


(2) 
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Composition of Groups 


The micro switch groups consist of the following three: 


Throttle Switches Fl to F8 (8 micro switches) 
Low Stop Switches Ll to LT (T micro switches) 
Н.Р.С. Switches a, ai, b, b', c, et, d (T micro switches) 


Composition and Functions of Adjuster ' 


On the adjuster in H shape are provided slides 1 ea. on the upper and 
the lower parts. The slide with thread inside can be moved laterally 
by rotating the adjust bolt. 


The switch shaft has been so designed that it moves together with the 
two adjusters. The actuators are essentially cam plates with different 
shapes. The locking positions of the pins are all different slightly. 


NOTE: The pitch of the adjust bolt of. the micro switch actuator to be 

~ . adjusted is 0.8 mm. The maximum amount of correction is approxi- 
mately 8° of tne rotating angle of the actuator which correspond 
to approximately 1,200 r.p.m. of engine speed at the throttle 
switch. 
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(3) Summary of Types and Operation of Micro Switches (Fig. 4-25) 


(4) 


Types of Switches 


a. BZ-TRDT and BZ-T RWT822 


oince the terminals are of normal-open type or normal-close type 
depending on usages, the electrical circuit may be open even when 
the switch is pushed in and it may be closed even when the switcr 
is released. 


BZ-3YDT 


As both terminals (normal Open and normal closed) are in use, tne 
open and closed electrical circuits exist at the same time wnen the 
switches are in "PUSH" and "RELEASE" conditions. 


Summary of Throttle Micro Switch 


The following micro switches come into action successively as the lever 
moves from the min. position to the max. position: 


ЕЗ, Fh ..... This switch closes the auto feather circuit o? th 


Fl, Fe ..... If the engine throttle is retarded to this point on its 


way to the idle position when tne main gear is not downe 
locked, the landing gear warning bell rings. This is 
intended to prevent landing with landing gear up. 


м 


propeller control system at around 12,800 to 13,050 rz. 
If the torque value drops below 50 psi while the lever 
is located in a more advanced position, tne proveller 
auto-Teathering takes place. 


F5, Е6..... This switch opens the spill valve of the air control 


system at 380 lb/nhnr o? fuel flow. This is intended to 
smooth acceleration at the time of engine starting. 

If the low stop lever is placed in the ground position, 
the ground spill takes place. If it is in the flight 
condition, the ground spill does not take place. 


ЕТ, Е8..... This opens the spill valve so that the take-off power is 


not used for accessory driving at 14750 to 14950 rpn, 


(5) Summary of Low Stop Micro Switch 


151, 152.... If the lever is in the flight position, this closes, 


performing the following functions: If the propeller 
pitch moves 2° below the flight fine pitch during fligh:, 
the warning light comes on for corrective action and the 
solenoid is energized to coarsen the pitch, As the 
pitch is coarsened, the blade cam cuts off the electri 


power supply. 
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153, LS4..... This closes when the lever is in the ground position, 
performing the following functions: 
This energizes the solenoid which release tne Plight 
fine pitch stopper, permitting fine pitch adjustment 
up to O° on the ground. 


LS5, LST..... This closes when the lever is in the ground position. 
This energizes RL5 relay to generate 150V wild frequency 
AC during engine run up on the ground. 


LS ......... This opens when the lever is in the flight position. 
This switch cuts off electric power to F5 and F6 so 
tney do not come into action in flight. That is to say, 
this does not permit the spill valve to open in flight 
even though the lever is retarded below 11,000 rpm. 


(6) Summary of Н.Р.С. Lever Micro Switch 


The working points of the switch varies as shown in the following table, 
depending on the positions of H,P.C. lever: 


High Stop | 
= Withdrawal Fuel Fuel OFF Feather 


= 
Te [s= em ree ү ee 


"* Close" indicates that the propeller brake circuit is made 
when H.P.C. lever is in "Fuel OFF" position. 


The switch a is provided in the &uto feather circuit of No. 2 engine 
and No. 2 engine can not be auto-feathered if No. 1 engine is feathered 


already. 


Consequently, the switch & comes into action only when 


а, 


No. 1 auto coarsening relay is dead, 
No. 2 engine torque is below 50 psi, 


No. 2 throttle lever is placed іп а lever position above 12,000 rpm 
and, 


R.H. H.P.C. lever is placed in the fuel on or high stop withdrawal 
position. 


Under the above conditions, the propeller is feathered if the auto 
coarsening relay is energized. 
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When the Н.Р.С. lever is in the OFF or feather position, the switch b 
closes the W/M shut-off valve. Therefore, W/M can not be supplied 
even ir W/M injection is tried, 


The switch d in the propeller orake system, permits power from the D.C. 
emergency bus to flow to tne propeller braxe switch when the H.P.C. 
lever is in the fuel orf position. Then, the brake can be applied to 
the propeller. 
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4.8.5 Throttle Control System (Figs. 4-26 апа 27) 


(1) 
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ihe tnrottle control system controls engine fuel flow and selects tne 
engine speed with a single lever and it also controls W/M injection. 
Tne linkage on the aircraft side transmits the throttle lever action 
over its entire range to the engine control box throttle pick up lever 
exactly. On the L.H. nacelle is provided the corrector unit of the 


propeller synchronizer system. ` ` mE EM BEEN 
Composition of System and Summary of Components 


The components move in the following sequence: | _ 
Lever —» Rod —» Torque Tube —= Sector — Cable Control Rod 


---- Engine Pick up Lever. 


A cable is used between the quadrant sector in the center pedestal 
and the quadrant in the nacelle. The nacell quadrant and the engine 
pickup lever are connected with rods. 


Taree turnbuckles are used in the cable. At the fuselage--wing joint . 
is used a pressure seal on which MIL-G-7157, grease is applied, 


Ат the nacelle quadrant is provided a friction damper with which the 


-hrottle lever сап be maintained at a given position. 
The torque of the friction damper is so adjusted that the throttle 


lever can start moving at 35 to 40 in.lb. 


On the left hand side is installed the synchronizer corrector motor, 
The synchro arm rotates around the eccentric shaft of the corrector unit. 
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When the synchronizer system is turned off, the synchro arm only 

relays the motion of the push pull гой, When the throttle is to 06 
rigged, it is necessary to set it to the datum line with a special tool 
installed. Otherwise, the datum position can not be determined. 


Requirements of Throtlle Operation 


When both throttle levers in the cockpit are advanced fully togetner, 
the throttle pickup levers in the engine control box must come in 
contact positively with the max. stoppers on the control box side. 
Likewise, they must come in contact positively with the min. stoppers 
when the levers are retarded fully. 


Propeller Synchronizer 


A. Summary 


The propeller synchronizer is provided to synchronize the L.H. and 
В.Н. engines, reducing vibrations to the aircraft, discomfort to 

crew and passengers, noises etc. due to the speed difference of 

both engines and relieving the pilots from incessant burden of engine 
control. 


Тре В.Н. engine serves as the master engine. Consequently, the К.Н. 
engine is not affected by this unit, the L.H. engine being the slave 
engine. That is to say, the speed of the L.H. engine is maintained 
equal to that of the R.H. engine by means of the synchronizer control 
unit. 


B, Mechanism 


On the gear boxes of the L.H. and R.H. engines are installed the 
synchronizer alternators. On the L.H. engine is provided a corrector 
motor connected to the engine power control linkage. 


Signals corresponding to the difference of speeds of the Г.Н. and 
R.E, alternators are sent to the corrector motor which regulates the 
engine fuel flow and the propeller control unit. 


Actually, the throttle linkage moves the engine control system by 
means of the friction damper, not by moving the throttle lever by 
means of the corrector motor. 


Do not move the throttle abruptly lest the datum setting of the 
synchronizer motor should go wrong. 


C, Operation 


This unit can be operated by turning on the synchronizer switch in 
the cockpit. 


The maximum adjustable range of speed is approximately © 250 rpm 
due to structural characteristics of the synchronizer unit which is 
effective only when the throttle is in the constant speed range of 
11,000 to 15,000 rpm. 


Tr the engine speed correction is desired or any unstable condition 
is noticed while the synchronizer is in use, turn off tne synchro- 
nizer once and turn it on after readjusting the throttle. 

When the throttle is placed at the min. constant r.p.m., the engine 
Speed depends on the P.C.U. only and the synchronizer does not work. 


During climb and cruising, the unit has tolerances of + 100 rpm for 
a desired mean speed (average of tne L.H. and R.H. engine speeds). 


Turn off the synchronizer switch during take-off and landing. 
Otherwise, the speed of the slave engine will be affected if tne 
Master engine failed. 


4.8.6 Fuel Trim Control System 
(1) General (Figs. 4-28 and 29) 


The rise of the outside air temperature decreases the engine intaxe 
air mass flow at any engine speed. 


If the fuel flow remains unchanged under such circumstances, tne 
mixture ratio becomes too rich, elevating the turbine temperature 
excessively. Therefore, the fuel flow must be reduced аз the ambient 
temperature increases. For this purpose is provided the trimmer. 

The trimmer does not change the engine speed but changes the fuel flow 
only. This can be accomplished by restricting the throttle valve 
opening of the F.C.U. with the trimmer, 


(2) Summary of Operation 


If the trimmer switch on the pedestal is turned to INC or DEC, the 
trimmer actuator on the engine side rotates while tne switch is being 
depressed. The motor moves the plunger rectilineariy which is connected 
to a rod actuating the engine trimmer pickup lever. 


(a) Structure of Trimmer Actuator 


Inside the actuator is located a motor operating on 22 to 29 V DC. 
The motor rotation moves the screw jack rectilinearly througn tne 
reduction gears. The screw jack is located in the plunger housing, 
its rectilinear motion being the plunger stroke. The stroke 25 

3 in. at the maximum. Inside the actuator are provided two 1115 
switches which stop the motor automatically if the plunger reecres 
its extreme ends, On the ends of tne plunger are installed shock 
absorbing fittings with cushion springs to avoid damage to the 
actuator. 


(b) Trimmer Position Transmitter (Fig. 4-30) 


If the trimmer actuator moves, its actuating lever swings to the 
left and to the right. The lever, in turn, swings the sector gear 
plate to the left and to the right. Then, the pinion gear rovate-, 
The arm rotates the turning assembly with the pin coupling. 
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HPC Lever Control System General View 


Figure h-3] 


Wane. Control oyster 
(1) General 


npn Oil 

» la 4 ka w aimi" *11 э + - ah . _ f - 4 г 
the nigh pressure fuel supply to the engine fuel manifoid ocase in 
the fuel control unit. This is manually controlled ty a lever in the 
cockpit, 


Hebel. SLands Por Che high pressure cock. This PECI po nr obf 


I т» 4- : а M E E D 1 " а 
When the H.P.C. lever is located in the high stop withdrawal position, 
а mecnanical circuit which withdraws the high stop is made manually wy 
she feathering selector lever of the propeller control unit. If the 


electrical circuit is energized at the same time, tne featnering motor 
rotates to reather tne propeller. 


This lever has the following four positions on the pedestal: 


High Stop Withdrawal Position 
Fuel ON Ë 
Fuel OFF i 
Feather ` 


4 positions 


The micro switch on the switch panel of the pedestal actuates the lever 
arm mechanically, depending on the lever positions. 


(2) Composition of System (Fig. 4-31) 
The system is actuated in the following sequence: 


Lever-—z-Lever Агт —»QOperating Rod —»Sector —= Cable Control Rod 
— > Engine Н.Р, Cock k Feathering Pickup Lever. 


The quadrant sector of the center pedestal and the nacelle quadrant are 
connected with a cable in which are used three turnbuckles. Tne nacelle 
quadrant and the engine Н.Р, Cock & feathering pickup lever are connected 
with rods. 


At the fuselage -- wing joint is used а pressure seal. 
(3) Operation of H.P. Cock Lever 


The normal position of tne lever when tne aircraft is stationary on tne 
ground is "Fuel OFF." 

As soon as the engine speed reaches 1200 to 1500 rpm at the engine 
starting, the lever must be moved to the high stop withdrawal at once. 
If the starting failed within 30 sec., move the lever to "Fuel OFF" and 
place the start selector switch in "Safe." 
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1,8,8 Adjustment/Check of Power Plant Control System 


(1) Adjustment of Throttle Control System 


Page 58 


то015 ror adjustment to be prepared 


з. 01-90214 

b. 01-90075-11, 01-96230-11, -21 and -60 
с. 20 lb spring balance 

а. Cable tension meter 


A. Adjust the engine control linkage properly in accordance with the 
engine maintenance manual, M-DalO-YS. 


B, Adjustment Zones 


The tnrottle control system is divided into the following four zones: 
If adjustment of one part does not affect the others, readjustment 
OI otner parts is not necessary. 


(A) Throttle lever -- quadrant sector below the pedestal 


(B) Quadrant sector below the pedestal -- upper quadrant pulley on 
the spar on the forvard side of tne fire wall 


(C) Upper quadrant pulley on the spar on the forward side of the 
fire wall -- idler lever on tne forward side of tne fire wall 


(D) Idler lever on the forward side of the fire wall -- engine control 
box 


C. Adjustment of Throttle Lever -- Quadrant Sector below Pedestal 


NOTE: While the adjustment is made, keep the idler arm of the 
control rod joint disconnected from the rod. 


(A) Disengege the gust lock, advance the throttle levers together and 
place the gust lock stopper in close contact with the low stop 
hook. Protrude the max stop bolt until it touches tne low stob 
shart. Retard the throttle slightly and protrude the stop volt a 
little by rotating it by 1/4 turn. 


Make sure that the mark on the side of the throttle lever is 
located sligatly ahead of the blue mark (Fig. 4-20) on the disc 
in case of Fig. 4-23, А. 


(В) Place the throttle torque tube below the pedestal in the пах. 
position, adjust the length of the rod assembly connected to the 
throttle lever torque tube and tighten tne check nut so that the 
rig pin, 01-96075-11 can be inserted into the throttle sector arn 
Side rigging hole of the arm and the rig pin hole of the structure 
and be fixed and the mark on the side of the throttle lever can 
be brought in line with the red mark on the disc. (The position 
SO as lever is 5° before the position described in 8 (1) 
C (ДА). 
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(с) After confirming that the requirement of 8 (1) Г (A) is met Ly 
moving the throttle lever a few times, paint marking on tne check 
nut of the rod assombly(this indicates slip and color and marking 
method are discretionary.). 

(D) Holding the throttle lever in such a position that tne маги ог 52 
side of the throttle lever is brought in line with tne white marx 
on the disc, adjust the length of the throttle switch operating roc 

| (Fig. -23) until the mark on the side of the box side marking of the 
throttle micro switch box is brought in line (Fig. 4-18), and, then 
tighten the check nut. 


D. Adjustment of Quadrant Sector below the Pedestal -- Upper Quadrant 
Pulley on Forward Spar of Nacelle 


(А) Insert the rig pin, 01-96075-11 into the arm of the throttle torque 
tube below the pedestal and the rig pin hole of the structure and 
fix it at the max. position. 


(B) Insert the rig pin, 01-96230-11 into the upper quedrant pulley on 
the forward spar of the nacelle and the rig pin hole of the pulley 
bracket and fix it at the max. position (Fig. 1-32). 


(C) Adjust the cable tension between the sector below the pedestal and 
the end pulley to the value as shown in Fig. 4-34, 


(D) Remove the rig pin fixing the end pulley, make sure that both cable 
tensions are well balanced and put safety wire on tne turnbuckles. 
Later, remove tne rig pin fixing the sector located below tne 
pedestal. 


E. Adjustment of Upper Quadrant Pulley on Forward Spar of Nacelle 
(A) Fix the end pulley at tne max. position with a rig pin. 


(B) Set the locking plate, 01-96214 on the propeller synchro corrector 
motor (SNC/22) and set the slot on the eccentric shaft of the 
corrector motor. 


NOTE: The instruction of this sub-paragraph is applicable to the 
L.H. side only. 


(C) Adjust the arm length of the end pulley to the design value 
(69.5 m/m) and adjust the length of the throttle control lever so 
that the propeller synchro arm assembly can be fixed, inserting the 
rig pin, 01-96230-21 into the rig pin hole of the propeller synchro 
arm and the rig pin hole of the corrector motor mounting pad 
assembly, and, then, tighten the check nut (Figs. 4-32 and 2-35). 


NOTE: This instruction is applicable to the L.H. side only. 
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“Figure Shows LH Engine" 


H. P. C Control Lever 


H.P.C End Pulley 


Throttle End Pulley 


H.P.C Control Red 
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Throttle Control Cable 


i 
Throttle Control Lever | 


leather 


Lock Out- MALUNT ` 
\ 


H.P. C Control Cahle 


Braket 


Rig Pin Hol T+ Throtle MAX 
18 сап Hole ER "H. P.C HIG STOP WIHDRAWAL) 
Stud 


Friction Plate 


Friction Arm 


Friction Plate 
BN 0 ° Spring 
СА f Spring Push Plate 


ra Set Screw 


Friction Damper 
Adjusting Nut 


Safty Wire 


r Throttle End Pulley 


H. P. C End Pulley 


Throttle Contro] Lever 


Throttle Control Rod 


Rig Pin 


H. P.C Control Lever 


— FO с. Mint. 
1 Ku -^ 
OFS | 


0 
Š "CI 
Aë | ax Хү ^ Throttle Control Cable 
k к 
% A 
I WW 
4 Coa P.C Contro] Cable 
| 
n Lack- Out 
H. P.C Control Rod V 


\\ ' WW Feather 


17 |. | 
i. : — Pulley 
[| 
à WN 


“RH Engine Sown" 


Locking Throttle and HRC End Pully OF Quardrant in RH Nacelle 
Figure 4-33 


+ End Pulley 
6 L 
| Cable Assy n 
< | Parts Number | Fitting Length жа 
= 1| 01-84210-61 ¦  AN661-3 | ANG69L3RH| 1,367 
E 
° | 01-64210-71 | AN664-3 | 7 |^ 1390 
e = | | 3| 01-64209-51 | AN6S9L3LH | | 6.400 
š il ZU x a oema TF [ү [шт 
| lA | үрү Е | 5| 01-54209-71 | AN669L3LH | AN669L3RH | 2,512 
Kd Fra | | жб) 01-54629-11 | бее Detail A | 3,400 
ж | * 7 | -64629-2 5 i 2 
бб 5 80 10 1207 E се ПАИ А 2.760 
P-a-o mV mr Ты (© Note: As shown in detail A, the stopper 01-64630-1 shall 
Temperature be attached to one end of cable assembly marked 
with * 
Initial Cable Tension 
ym 01-64630-1 Terminal NASG50-S3LH 
| Ball End М520664С3 
| Length 
AE ------ 
Detail] А 
Cable Chart (Throttle) - 
Figure 4-34 
L 
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(D) Insert the rig pin 01-96230-61 into the rig pin holes of the tnrottie 
idler arm and the idler bracket on the forward side of the fire wai. 
апа adjust the length of the throttle rod so that the idler lever 
arm can be fixed at the пах, position. And, then, tighten the creek 
nut (Fig. 4-37). 


NOTE: This instruction is applicable to the L.H. side only. 


(E) Insert the rig pin, 01-96230-61 into the rig pin holes of the throttie 
idler arm assembly and the bracket assembly on the forward side of 
the fire wall, set the length of the arm of the end pulley to tne 
design value of 61.0 mm and adjust the length of the throttle contro. 
rod so that the idler lever arm can be fixed at the max. position. 
And, then, tighten the check nut (Fig. 4-33). 


NOTE: This instruction is applicable to the R.H. side only. 


Adjustment of Idler Lever -- Engine Control Box on Forward Side of Fire 
Wall 


(А) Set the length of the connecting arm for the throttle idler arm and 
tne ball end on the forward side of the fire wall to the design 
value of 125.0 mm and, then, tighten the check nut (Fig. 4-40). 


NOTE: Adjust the position of the indicator plate of the throttie 
idler arm so that its pointer is brought in line with the 
max, position. 


(B) Adjust the length of the throttle rod connecting the idler arm on 
the forward side of the fire wail and the arm located before tne 
engine control box, and connect the arm located before the engine 
control box and the engine control box pickup lever to place them 
in positive contact with the max. stopper of the engine control box. 
Accomplish adjustment so that the center line of the throttle arm 
is brought in line approximately with the center line of the sup- 
porting point of the arm bracket. 


(C) Remove all the rig pins and operate the throttle lever so that the 
engine pickup lever is in contact with the min. stopper of the engine 
control box. Make sure that the gap between the adjustable bolt 
installed on the throttle lever on the pedestal and the stopper is 
3.5 mm. 
1+ is desirable that under the above mentioned conditions, the mark 
on the side of the throttle lever is lined up with the white marx 
on the dise (Fig. 4-20). 


NOTE: Accomplish adjustment so that the position of the min. 
indicator plate of the firewall idler lever is lined up with 


the pointer when the engine pickup lever is in contact with 
the min. stopper of the engine control box. 


(D) Adjustment of Friction Damper 


NOTE: This instruction is applicable to the L.H. side only. 
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X Қ рын Pin Hole 
№ 
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01-56214 


Worm Wheel Shaft 


Synchronizer 
Corrector Motor 
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Corrector Motor Lever J ж” Strut 
Р \ 


Bracket 
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ыл 01-96230-21 


Push Pull Rod 
Connection to Engine 


— —— == Push Pull Rod 
Connection from End Pulley 


e Ball Bearing 


Locking-Synchronizer Corrector Motor 


Figure 4-35 
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Datum Line 


» Worm Wheel Shaft 
80 / 


Eccentricity 


\ 


/ 
ХУ 
WS 0.18IN 
\ м (3.8mm! 
\ | 
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d Worm Whee! 
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Inner Mechanic 
Corredor Motor 
Inner Mechanism of Synchronizer Corrector Motor and O 


Figure 1-36 


pereation Diagram 
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Throttle Rod 


Throttle Idler Arm 


Throttle Rod 


| 
ү! 


Rig Pin Hole 


Slider 
(Graphite Grease) 


Ball End 


| Ball Bearing 


View B 


ч... Idler Bracket 


HPC Idler Arm 


| 
Ka. Rig 


Trimmer Rod Detail A 


Idler Lever Assembly on Fire wall 


Figure 4-37 


a. Disconnect the Joint of the throttle control rod connected to 
the corrector motor urm and the throttle control lever. 


b. Tighten the friction damper adjusting nut so that tne end рлеу 
arm begins to move at the torque value of 30 to 4S in.lb. 
(Fig. 4-32). 


(E) Make sure that the throttle can be fixed at the max. position, tnat 
the mark on the side of tho throttle lever is lined up with the rec 
mark of the disc and that the mark pointer of the idler lever on tne 
engine fire wall indicates the max. position of the throttle position 
indicator. 


(F) Check the control force of the throttle lever &t the following 
points, make sure that it is less than T.5 1b and record the control 
force measured. 


NOTE: During this operation, maintain the low stop lever in the 
flight: position. | 


a. Advance the throttle lever further ahead of the position in 
which the mark on the side of the throttle lever is lined up 
with the red mark on the disc to align the side mark to the blue 
mark on the disc. Тһе control force must be 200 to 250 % of tne 
"РОЗН" control force mentioned in 8(1) F(F). 


b. Retard the throttle lever until it hits the adjusting bolt stopper 
3.5mm away from the throttle lever when it is in contact with tne 
engine side min. stopper. Then, the control force must be 200 to 
250 4 of "PULL" control force described in 8(1) F(F). 

NOTE: Make sure that no check nut is loose. 
(2) Adjustment of H.P.C. Control System 
Tools to be prepared. 
(a) Rig pin, 01-96075-1, 01-96230-11 and -61 
(b) Cable tension meter 
A. Adjustment of H.P.C. Lever -- Quadrant Sector below Pedestal 

(A) Place the H.P.C. lever in the high stop withdrawal position. 

(B) Insert the rig pin, 01-96075-1 into the rig pin hole of the arm 
or the sector so that the Н.Р.С. torque tube below the pedestal 
or the sector is placed in the high stop withdrawal position to 


fix the sector. 


a, Adjust the length of the H.P.C. operating rod so that the 
conditions of 8(2) A (A) ana (B) are attained simultaneously. 


b. Rotate the rod assembly adjusted in 8(2) А(а) by 0.6 turns, 
tighten the check nut fixing the rod end and paint marxing 


1, 
iF 
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Rig Load (Ibs) 


.End Pulleys 


Q - _ Г 
L.H. De af | р Connection (Turn Backle) 


i А I | | 
LÀ. e 
6 


H End Bullen 


50 


40 


Cable Assy w | 
NET Fittings ength mm 


01-64210-81 AN664-3 | AN669L3RH 
01-64210-91 | AN664-3 1.254 
01-64209-51  : AN669L3LH 6,400 


E 
паважа | | | | | 7 
5 


01-64209-91 AN669L3LH | АМ669138Н 2,629 
01-64629-11 Sec Detail A 
01-64629-21 See Detail 


10 '*—30 o — 30 ою б 8&0 100 — 120("F) 
ا اا‎ ОН НХ О “шм " А 
—30 —20 —10 0 10 20 зо 40[°С) Note: As shown in detail A, the stopper 01-64630-1 shall 
Temperature be attached to one end of cable assembly marked 
with * 


Initial Cable Tension 


Stopper 01-64630-1 Terminal NAS650-S3LH 


Length S 


Detail A 


Ball End MS20664C3 


Cable Chart ІН.Р.С.) 
Figure 4-38 


B. 


on the cheek nut. (This indicates slipping. Color ana marking 
method аге discretionary). 


с. Remove the rig pin, pull the H.P.C. lever, adjust the lergsas 
of the switch rod aud the rod end so that tne side mark of 
the H.P.C. switch box is lined up while the lever guide pin 
is in the rear groove of the high preasure guide and, inen, 
tighten the check nut. 


d. Move the H.P.C. lever several times to make sure that tne 
requirement of 8(2) A(c) is satisfied and paint mark on the 
check nut of the switch rod. Make sure that the rod assemoly 
is normal by checking the mark painted in 8(2) А(Ъ). 


Adjustment of Quadrant Sector below Pedestal -- Nacelle Quadrant 
Pulley (Fig. h-22) 


NOTE: During the operation mentioned here, any connection or the 


(A) 


(В) 


(С) 


(D) 


control tube in the nacelle must be kept disconnected. 


Fix the torque tube assembly below the pedestal or the sector 
assembly in the high stop withdrawal position with a rig pin. 


Fix the upper quadrant pulley on the forward spar in the naceile 
in the high stop withdrawal position with the rig pin, 01-96230-11. 


Adjust the tension of the cable between the sector below the 
pedestal and the end pulley to the value shown in Fig, 4-38. 


Remove the rig pin fixing the end pulley, make sure that the 
tensions of both cables are uniform and lock the turnbuckles wiin 
safety wire. Then, remove the rig pin fixing the sector below 
the pedestal. 


Adjustment of End Pulley -- Engine Control Вох 


(A) 


(B) 


(с) 


Disconnect one end of the control rod connected to the lever 
assembly located before the engine control box. 


Fix the end pulley in the high stop withdrawal position with а 


rig pin. 


Adjust the lengths of the H.P.C. control rod and the H.P.C. 
control lever which connect the idler arm in front of the 

fire wall and the end pulley so that the idler arm can be fixed 

in the high stop withdrawal position with ihe rig pin, 01-96230-61 
and that the length of the arm connected to the end pulley can 

be equal to the design value T9.0m/m. And, then, tighten the check 


nut. (L.H. Fig. 4-32) 


NOTE: The procedures described here are applicable to the L.H. 
as well as to the R.H. 
For В.Н. see Fig. 4-34. 


Page 09 


(D) Adjust the length of the arm connecting the idler arm in fron. 
` a и 4 " ^ - ro. 
of the fire wall and the bal? end to the design value of 229.- 
m/m and tighten the check nut. (Fig. h-39) 


(E) Fix the idler arm in front of the fire wall in the high stop 
withdrawal position with a rig pin. 


(F) Adjust the lengths of the idler arm in front of the fire wail 
anû the E.P.C. rod located before the engine control box and 
the length of the rod connecting the lever located before the 
engine control box and the engine control box pickup lever 59 
that the engine control box pickup lever comes in positive 
contact with tne 1.0. stopper and, then, tighten the check nuts. 


(G) Remove ell the rig pins and place the Н.Р.С. lever of the 
pedestal in the feather position. Then, the engine control 
box pickup lever must be in positive contact with the F stopper. 
When tne H.P.C. lever is placed in the high stop witndrawal 
position, the pickup lever must be in contact with the L.O. 
stopper positively. 
After making sure that this requirement is met by moving tne 
H.P.C. lever several times, paint the slip mark on the check 
nuts of the control rods in the nacelle. 


D. Adjustment of High Pressure Guide Adjusting Plate Position 


(A) Fix the ON position of the adjusting plate on the pedestal so 
that the pickup lever of tne engine control box is lined up 
with "O" mark of the engine control box when the H.P.C. lever 
is oushed to the "ON" position and when it is pulled to tne 
"ON" position. 


NOTE: If the "О" mark of the engine control box is not clear, 
make sure that the lever mark of the engine F.C.U. is 
within the "Open" range and that the feathering selector 
lever mark of the engine P.C.U. is within the "RUN AUTO" 
range, instead of checking the alignment of "О" mark of 
the pickup lever. 


(B) Adjust and fix the "OFF" position of the adjusting plate on the 
pedestal so that the pickup lever of the engine control box is 
lined up with the "5" mark of the engine control box when the 
H.P.C. lever is pushed to the "OFF" position and when it is 
pulled to the "OFF" position. 


NOTE: If the "5" mark of the engine control box is not clear, 
make sure that tne lever mark of the engine F.C.U. is 
within the "Shut" range and that the feathering selector 
lever mark of the engine P.C.U. is within the "UF" range, 
instead of checking the alignment of "S" mark of the 
pickup lever. 


Е. Check the control force of the Н.Р.С. lever at the following points 
and make sure that the control force is less than 7.5 lb,: 
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4.2.9 


Emergency Shut Down Systen (Fig. 4-41) 


(1) The emergency shut down system snuts down fuel and hydraulic oil supply 


Page Th 


to the engines and makes electrical circuits preliminarily for discnargine 
of fire extinguishing asent. 


rnis system is not related to any other function. 

Tne emergency shur off handles are provided 1 ea, for the engines on 
the auxiliary panel in the cockpit. If the handle is pulled, a micro 
switch is energized to make the circuit. 


Once the circuit is made, the following units come into action: 


Emergency Fuel Shut Off Valve 
Emergency Hydraulic Oil Shut Off Valve. 


If the handle is pulled, the emergency fuel shut off indicator indicates 
"SHUT." 


As a result, the fire extinguishing circuit is ready to discharge tne 
fire extinguishing agent. 
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4.9.2.1 


2) 


kaki 


engine Serviceubility Check 
Arter а new engine is instulleé or an engine is replaced, 
Alter а new propeller is installed or a propeller is replaced. 


arter 7.C.U., P.C.U., W/M unit or other units are replaced or after 
tne engine control system is adjusted. 


Uther Aircraft Serviceability Check 

in Case of Trouble Shooting 

When the flight performance is not satisfactory. 
Wien the engine starting is abnormal. 

When the engine speed is abnormal. 

When the torcue pressure is abnormal. 

Wnen rough running is suspected. 

When the oil system is malfunctioning. 


When the propeller system is malfunctioning. 


Others. 


4.9.2 Ground Run-up Procedures 


4.9.2.1 
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Environment of Run-up Site 


Be sure that the ground around the aircraft, especially the propellers 
is clean, апа 


that the аігсгаго is located far enough from the other aircraft. 
Preparation prior to Starting 

The aircraft against the wind within = 30°, 

Assignment of required personnel 

rreparatvion ol ground fire extinguishing’ equipment 

Desirable ground power unit 


о. Maximum pesk capacity: 2000А, 5 sec. 
b. 1800А, 1 min. 


(5) 


When the engine speed 15 reduced from 15,000 rpm to 14,500 rpm, more 
the throttle lever slowly taking more than 5 sec. 


[ri 


NOTE: If the throttle lever is abruptly retarded, T.G.T. may overshoot. 


in order to avoid overheating which is likely to take place 
since the propeller may not be at the ground fine pitch, close 
the h.P. cock lever immediately. 


he H.P, cock lever (Fuel OFF) immediately. 


Do not open-up the throttle lever while the engine oil temperature 15 
below -15*?C. 


oet the fuel trimmer to the outside air temperature. 


&. Move the trimmer gradually (especially when it is moved from 
DECREASE to INCREASE, ) 


b, Pay attention to the variation of the T.G.T. whenever the fuel 
trimmer is operated. 


г the T.G.T. exceeds the specified limits during the engine run, close 
n T 


Keep the Е.Р. cock lever іп the high stop withdrawal position (H.S.W.D.) 


Guring all the ground running. 


Keep the gust lock lever in the lock position (the low stop lever in 
GROUND position) unless specified otherwise, 


NOTH: Ве on the alert especially when the low etc lever is moved to 
tne flight position while the gust lock lever is in the unlock 
position. 

In such a case, pitch coarsening will take place, varying the 
engine speed and the Т.С.Т, is likely to overshoot. Therefore, 
this abnormal condition calls for special attention. 


1.9.3 Operating Limitation for Power Plant 


5.9.3.1 
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Maximum Ambient Temperature ISA + 30°C 


| ^\ \ A QN MEME бооз . . 
1.9.3.2 The engine operating limitation is as follows: 


Condition Engine speed Мах. T.G.T. Allowable max. 
rpm °C duration 


Ground Idling b 8000 ~ 8500 600 Unlimited 
roach Mini | | 
Approa Lnimum ' 11,000 | - Unlimited 
` І 
Other Conditions less than 12,500 132 
12,500 — 13,000 | 770 Unlimited 
13,000 ~ 14,200 800 | 


kau — 15,000 820 


Take-off | 
With water methanol| 15,000 890 
injection 5 mi 
іліп. 
Without water 15,000 865 
A 


methanol injection 


* The ground idling condition with the fuel trimmer at the maximun 
position at Static Sea Level, standard atmospheric conditions is 
determined by the fuel flow of 43.5 51 Imp. Gal/hour (340 Z 6,5 lb/hr). 


1.9.3.3 011 Temperature and Oil Pressure 
(1) Oil Inlet Temperature 
a, Maximum 120°C 


b. Minimum at starting _30° 
c. Minimum for throttle opening up -159С 


(2) Oil Pressure 


Minimum pressure &t 12,000 rpm 
13.5 psi еъ 55°C, and 12 psi at 115°C. The pressure between these two 


varies linearly in proportion to the temperature change. (more than 
12 psi at 115°C to 120°C.) 


4.9.3.4 In case of T.G.T. Overshoot 


(1) If overheating takes place while the engine is running in the normal 
speed range, it is not necessary to remove the engine unless the T.G.T. 


exceeds the following limitation: 


950°C for 5 sec. --- only for momentary rise. 


\ 
ke 
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4.9.5.0 7.6.2. Correction by Atmospheric Conditions 
(1) Check the engine data. 


(2) Based on O.A.T. and the pressure altitude at the location and tre time, 


| amount of compensation, using Figs. 4-43 and Y kh, 
(Example) 
Engine data Мах. T.G.T, 8%59С 
Min, T.G.T 815°C 
Outside air temperature +13°C 
(0.А.Т.) 
Pressure altitude 29.83 Hg.in = + 85 ft = 100 ft 


From Т.С.Т. corrections at 15,000 rpm (Graphical) Fig. 4-43 
Т.С.Т. corrections at 15,000 rpm (Tabular) Fig. 4449 


^ 


О.А.Т 


I.G.T. compensation 


+ 10011 


Press Alt. 
(3) The amount of correction is obtained by subtracting the max. T.G.7. 
compensation calculated from the above table from the T.G.T. in the 


log book. 


That is to say, 


(Max. T.G.T. Data) - (Compensation) = Correction 
(Min. T.G.T. Data) - (Compensation) = Correction 


( Example) 


840.5°C = 81°С 
810.5°C = 811°C 


Max. Т.С.Т. Correction = 845°c - 4,5°C 
Min. T.G.T. Correction = 815°C - 4.5°C 


4.9.5.3 Engine Power Check Pressure (E.P.C.P.) Correction by Atmospheric 
Conditions 


(1) Check the engine log book or the data plate, 
(2) Based on 0.А.Т. and the pressure altitude at the location and the time, 


obtain the amount of compensation from the "correction to power check 
pressure" Fig. 4-45, 
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(Example) 


Engine data Р.С.Р. $45 psi 
Outside air temperature (О.А.Т.) 413°C 
Pressure altitude 29.83 Hgin. ='4 851% = 1001% 


+ Like 0.995 P.C. P. compensation 
4 
| 
l 
i 
| 


НИ‏ ا 


+ 100ft 


Press. Alt. 


(3) The amount of correction is obtained by multiplying the P.C.P. of tne 
engine data by the P.C.P. compensation obtained from Fig. 4-15, 


(Example) 
Engine Data E.P.C.P. 345 psi 
Outside air temperature (О.А.Т.) +13°C 
Pressure altitude 29,83 Hg.in.= + 85ft = 10027 
P.C.P. compensation 0.995 


Corrected E.P.C.P. = (Engine data plate P.C.P.) x (P.C.P. compen- 
sation) = 345psi x 0.995 = 342.27 psi 
342 psi 


NOTE: The correction value below the decimal point is rounded to 
an integer, by counting fractions of .5 a whole number and 
disregarding the rest. 


4.9.5.4 Water Methanol Check Pressure Correction by Atmospheric Conditions 


(1) Check tne water methanol check pressure (W.M.C.P.) of the engine data 
piate. 


(2) Based on the pressure altitude at the location, find the W,M.C.P. from 
tne W.M.C.P, Fig. 4-46. 


( Example) 


Engine data: W.M.C.P. 41:0 psi 
Pressure altitude: 29.03Hg.in. = + 85ft = 100ft 


From "Correction to W.M.C.P. for altitude" Fig. 4-48, 
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Alt. 


- D. 7psi 


Press. 


Corrections to be applied to data plate W.M.C.P-psi 


(3) Add the W.M.C.P. compensation obtained in the above (2) to the W.M.C.P. 
of the engine data plate. 


( Example) 
Engine data: W.M.C.P. 410 psi 
Pressure altitude: + 10026 


W.M.C.P. compensation:-0.7psi 
W.M.C.P. correction = (Engine Gata plate W.M.C.P.) + (W.M.C.P. 
compensation) 


= (410) + (-0.7 psi) = 409.3 psi = #09 psi 


4.9.5.5 Determination of Fuel Datum Position 


Table in Figs. 4-46 and 4-7 are used to determine the fuel datum position, 
based on the outside air temperature and the pressure altitude. 
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LQ ə2sa 


PREVAILING AIR TEMPERATURE - °C, 


Figure 1-45 


. 877 ‚ 866 . 816 .835 . 825 


ESS 


2000 4000 
1000 3000 2000 


PRESSURE ALTITUDE - ft, 
Corrections to power check pressure 


factor 
625 
660 . 632 
695 „666 .642 .615 
731 702 .676 .645 
768 737  .710 682 
806 775 .745 716 
845 814 784 751 
. 880 555 .823 790 
‚ 877 . 862 545 .830 
871 .856 .840 825 
‚ 863 849 .832 819 
850 838 .820 .808 
835 .822 805 192 
, 819 ‚505 788 (775 
‚ 800 785 .770 754 
784 768 751 729 
8000 10000 
7000 9000 


Multiply engine 


power check 
pressure by 


+ 
= 
(CO = 


I + + + + + 


AMBIENT TEMPERATURE (deg.C.) 
t т (щл Lä kd m Co Cn =< 


I 
ке 
ьы 


BIO" w + m u w ш + ш ú = m a a . s 
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SS 
55 48 46 НЕВЕ Engine power checks should not be НЕЕ 
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61 5 54 49 44 39 "iis dolo bn iiu Pt DRE RE UU Dip sco eve io 
61 99 57 52 46 42 зт Е 
49 62 60 55 49 45 40 35 ЕЕ 
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76 69 66 61 55 50 45 40 36 32 “шаа ЕЕЕ ЕЕЕ ЕЕ ШЕ 
580 72 69 64 58 53 48 43 39 35 31 МЕ 
83 75 72 67 61 56 51 46 41 зв за 30 "b ЕН ЕТЕ 
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33 85 82 77 #71 66 61 55 51 46 42 #39 234 31 28 КЕССЕ 
97 89 85 80 74 69 64 59 54 49 45 42 37 34 30 27 "EE 
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100 100 94 89 83 78 72 68 63 59 54 50 46 42 38 34 31 

98 92 87 82 76 71 67 62 58 53 49 45 41 3 34 
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100 94 90 84 79 74 70 65 60 56 52 48 44 40 

98 94 88 83 78 73 69 64 60 56 51 47 43 

100 98 92 87 82 77 73 68 64 59 55 50 46 

100 96 91 86 82 тт 72 68 63 59 54 650 

100 95 90 86 81 76 72 67 62 58 54 

ғ“, 99 94 90 85 80 76 71 66 62 58 

t 100 99 94 89 84 80 75 70 66 6 

ly 100 99 93 вә 84 79 74 то 66 

с, 100 98 93 89 84 78 74 70 

EZ» 100 98 93 88 83 79 74 

ғ 100 98 93 87 83 79 

100 97 92 вв 83 

100 97 93 33 

100 97 93 

100 98 

| 100 
-500 +1,000 43,000 45,000 47,000 49,000 411,000 +13,000 415,000 
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PRESSURE ALTITUDE (ft.) GI 


Fuel datum position (tubular) 
Figure 1-11 
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In addition, on the pedestal are installed the lever panel covering the 
lever base апа the side panels covering the both sides of the pedestal. 


The 
the 


The 
box 


Its 


front box is fixed to the floor beam with the four bolts located at 
four corners of the bottom, 


lever base made of thick aluminum alloy casting bridges the front 
and the rear box. 


forward end is fixed to the front box with two bolts and its recessed 


portion just fits on the front box. 


The 


rear box is fixed to the floor beam with the four bolts on the 


bottom. 


Ihe switch boxes (low stop, throttle and H.P.C. switch boxes from the 
left to the right) are attached to two angles in the front box. 


Details of Throttle Lever (Fig. 1-20) 


Ine throttle lever can be rotated from the minimum position to the 
maximum position around the throttle shaft. Оп the both ends of the 
throttie lever are attached the discs and on its left side provided 
the throttle friction lever which is mounted on tne throttle shaft. 


То fix the throttle lever at a given position, the friction lock lever 
is used. Then tne adjust nut pushes the spring plate which, in turn, 
pushes the disc, locking the throttle lever. 


At the root or the throttle lever and the L.H. and R.H. dises are 
provided color marking which is necessary for rigging. Be careful 
especially not to erase the marking on the discs. 


Reference point at 55? ........., Віце mark 
Reference point at 50? .......... Red mark 


Reference point for throttle 
micro switch Ge ü à b h b Deh Pee ü à hà | White mark 


The primary stoppers for the throttle travel irrespective as to whether 
they аге max. stops or min. stops, are-located in the control box on 
the engine side. 


If the throttle lever is moved, the forward arm at the root moves the 
throttle micro switch group actuating rod, 


The rear arm moves the throttle rod for the engine power control, 


Details of Low Stop Lever (Fig. 221) 


The 


left end of the low stop shaft is supported by a ball bearing 


fitted in a bracket. The bracket is mounted on the lever base with 
two bolts. 


X.applicable to #2012, 2015-- 
and Post 5/В 76-7 


Above 14750~14950 | 


F, & F; 
(L/G Warning Operate) 


(ute Feather Circuit Close 
Above E.rpm 12800—13000 | 


E & Б 
[ Low RPM Spil Open | 
Below F/F 68—72 IGPH 


xx 
Мах Stopper Gust Lock Lever 


A | 
F, Contacts to Act | МОТЕ: OM 
E When the throttle | 


lever come here, 
A it is at the Min. 
“ғ stop position. 
Lo This figure shows W 
. {һе Мах. 
Power condition. 


Е Released 


Micro Sw 


/ .LH Throttle Sw 
Operating Rod 


LH Throttle Sw 
Operating Arm 


Adjuster Bolt 
RH Throttle Sw Actuator (2ea) 
Box Side Marking 


Arm Shaft Side Marking we | " 
S| 


F, Contacts to Асі 


Rig Pin Hole 


RH Throttle Sw Operating Arm 


2 Contacts to Act 


Operating Point of Throttle Lever , 
Dec 15/67 Figure 4-27 4 


(A) Check points 


a, Behind the high stop withdrawal groove 
b. In front of the fuel ON groove 

с. Behind the fuel ON groove 

d. In front of the fuel OFF groove 

e. Behind the fuel OFF groove 

Г. In front of the feather groove, 


(3) Adjustment of Throttle Trimmer 
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(A) 


(B) 


(C) 


(F) 


Adjust the length of the arm, 01-64566-7 connecting the trim Lier 
arm and the ball end to the standard dimension of 81.0 mm (reference) 
and adjust the length of the idler arm, 01-6h592-hl on the fire wall 
to the standard dimension of 65.0 mm (reference). 


Set the trimmer switch of the pedestal in "INC" and make sure what 
the spring of the trim actuator rod end is not slack excessively. 


Set the gap between the trimmer pickup lever of the engine contro. 
box and the increase stopper to 0,012" to 0.014" and adjust tne 
length of the rod connecting the fire wall idler arm ball end, engine 
pickup lever trimmer rod and lever from the trimmer actuator. 


Place the throttle pickup lever of the engine control box in contact 
with the min. stopper of the engine control box. 


Place the trimmer switch of the pedestal in DEC and extend the trim- 
mer actuator fully. Then, make sure that the spring of the rod end 
of the trimmer actuator is not slack excessively, 


Make sure that the trimmer pickup lever of the engine control vox 
is in contact with the decrease stopper positively. 


А, Adjustment of Trimmer Actuator -- Trimmer Position Transmitter -- 
Trimmer Position Indicator 


(a) 


(b) 


(с) 


Adjust the length of the lever arm of the trimmer position transmitter 
to tne design value of 50 mm (Fig. 1-30). 


Place the pedestal trimmer switch in INC while the throttle pickup 
lever of the engine control box is in contact with the max. stopper 
and extract the trimmer actuator fully. Adjust the length of the 
adjustable link so that the pedestal] trimmer position indicator 
registers 100%, 


Place the pedestal trimmer switch in DEC while the throttle pickup 
lever is in contact with the min, stopper and extend the trimmer 
actuator fully. Make sure that the pedestal trimmer position in- 
dicator registers 0%. 


NOTE: When the trimmer position indicator does not indicate 0%, 
repeat 8(3) A(b) and (c) to meet the requirements, neglecting 
8(3) А(а) (adjusting the length of the arm of the trimmer 
position transmitter lever to values other than the design 
value). 


с. Continuous rating in excess of 800A, 
4.9.2.3 Precautions prior to Sturting 
(1) If the throttle lever and tho Н.Р. cock lever are opened simultaneously 
while the engine is shut down and the power is on, the propeller auto 
feathering circuit is made and auto feathering taxes place, t is 


desirable to trip the auto feathering circuit breaker to avoid this. 


(2) Be sure that the propeller blade is at the ground fine pitch, (Маке 
sure that the red marks on the spinner and the blade are lined up.) 


(3) Make sure that sufficient amounts of fuel and W/M for ground running 
are loaded on the aircraft. 


WARNING: 1. Avoid continuous operation at a speed less than 7,000 rom. 


c. Minimize engine operation at a speed between 12,000 an 


15,000 rpm. 


MN dU during Starting 
(1) T.G.T. &t engine starting shall not exceed 930°C. If the T.G.T. is 


about to exceed 930°C, place the H.P. cock lever in Fuel OFF and shut 
down the engine immediately. 


v(2) Never push the starter motor button while the propeller is still rotating. 
(3) Do not pull out the starter button before the engine speed reaches 
3500 rpm, or the engine is perfectly ignited except when the T.G.T. is 


excessively high. 


(4) If the engine is not ignited within 20 sec. or the engine speed does 
not increase from the motoring speed, place the starter master switen 
in SAFE within 30 sec. 


(5) Do not run the starter motor in excess of 30 вес. 
4.9.2.5 Warning after Starting 
(1) Make sure that the instruments in the cockpit are normal. 
(2) Minimize the ground running time. 
{3) Avoid the extended engine operation under maximum conditions. 


(h) Avoid abrupt operation of the throttle lever and move it smoothly and 
slowly. 


NOTE: If the throttle lever is moved abruptly, the torque pressure 
response will be delayed, resulting in auto feathering. 


CD Che Tuei. reaches this Limit, place the Ш.Р. cock lever in rat. 927 
immediately. 


г "och ^ | ч таға г“ j " r F u + 
(2) If the T.G.T. exceeds the normal operating, maximum T.G.T. during Snar 
engine running, record it in the engine log book. 


4.9.4 Engine Data 


The engine data are given in the "inspection ana test certificate" of tne 
engine 105 book for the particular serial number. 

The engine cata plate is also used. 

the data are based on the international standard atmosphere, sea level 
(І.5.А., S.L. conditions). 


1.9.5 Data Plate Correction 


Sefore commencing the ground run, it is necessary to correct the individual 
engine data according to the atmospheric conditions. 


4.9.5.2 How to obtain atmospheric conditions 
(1) Outside air temperature (0.А.Т.) 


it taken from the aircraft involved or a thermometer located in a 
nearby well ventilated run shade, free from the radiation effects. 


(Reference) 
It is desirable to use a thermometer located around the ADF sense 
antenna on the lower surface of the fuselage or around the lower part 
of the nose landing gear bay. 
NOTE: О.А.Т. value below tne desimal point should be rounded to an 
integer by counting fractions of .5 and over as a whole number 
and disregarding the rest. 


(2) Pressure Altitude 


a, It is taken from the information given by the tower of tne airport 
in which the ground run is conducted. 


b. It is taken from the calibrated altimeter installed in the aircraft 
in terms of pressure in mercury column after setting it to tne 
field elevation of the aircraft. 


NOTE: 1. Either one of the above methods a. and b, may be used, 


2. For the conversion between the pressure in mercury colunn 
and the pressure altitude, see Fig. 4-42. 
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T.G.T. corrections at 15,000 r.p.m. (graphical) 
Figure 4-3 
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Fuel datun position (graphical) 
Figure 4-46 
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Power plant - Adjustment/test (cont. ) 
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4.9.5.6 


Correction for Humidity 


The fuel datum setting and power check pressures may be corrected for 
humidity if necessary. 


NOTE: Unless it is known that conditions of very high humidity prevail, 


the hunidity corrections need not be used for routine ground 
runs, and reference to these corrections should be ignored. 

Ihe humidity corrections should be used on engines with low 
torque pressure which may, given the benefit of the correction, 
avoid being rejected. 


(Example) 


Engine data: 


Ambient (dry bulb - To) temperature +13°C 
Wet bulb (Ty) temperature +12°C 
Pressure altitude 29.83ng.in&lOOft 
MAX T.G.T 845°C 
MIN T.G.T 815°C 
E.P. C.P 345 psi 
W.M.C.P 410 psi 
(1) T.G.T Correction 
Based on 0.A.T and the pressure altitude at the location and the 
time, amount of compensation, using Fig. 4-43 and 4-44 
(Example) 
Max. T.G.T Correction = 845°C - 4,59С = 840.596 = 841°C 
Min. T.G.T Correction = 815°C - 4.5°C = 810.5°C = 811°C 
(2) W.M.C.P Correction 
Based on the pressure altitude at the location, amount of compen- 
sation, using Fig. 4-8. 
(Example) 
W.M.C.P Correction = 410 psi + (-0.7 psi) 
= 409.3 psi + 409 psi 
(3) E.P.C.P Correction 
There are two methods of solution for correction so that graphical 
solution, and tabular solution. Ти practice it will usually be 
necessary to interpolate between the figures given in the tables. 
A. Graphical Solution 
(A) Correct the power check pressure for the prevailing ambient 
Dec 15/67 * 
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temperature and pressure altitude, using Fig. 4-49, Fig 4-29. 


Fig. 4-40 .......... TOP TP Full range 
Fig. 4-50 ....... rar ee в э эз Reduced range 
(Example) 


CORRECTION FACTOR 


345 psi 


AMBIENT AIR TEMP CORRECTED POWER CHECK PRESS 


The amount of corrected power check pressure obtained from 
Fig. 4-49 is as following. 


Corrected P.C.P = 345 psi 


(B) Change the corrected P.C.P for humidity, using Fig. 4-53, 
Fig 4-954. 


(Example) 


WATER VAPOUR 
PARTIAL PHRESS-PW 


T +12 
w- ~a س‎ 
p TE T ---------- 0.39 
Wet BUY Ba 
2 
/ 
+13 
————» DRY BULB TEMP-To 
n Dec 15/57 
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FUEL DATUM | = 
! PW/Po PRESS LINE д. 


i Ta 
|... 


FOR HUMIDITY 


WATER VAPOUR 
PARTIAL PRESS-PW 


345 —— 


CORRECTED POWER 
CHECK PRESS 


100765 — 
PRESS ALI 


| 
| 
| 
| 
| 
| 


The corrected Е.Р.С.Р for humidity 
= (Corrected P.C.P of engine data plate ) + (P.C.P compen- 
Sation for humidity) 


= 345 psi + (-2 psi) = 213 psi 
This is the corrected E.P.C.P value for humidity. 
B. Tabular solution 


NOTE: In practice it will usually be necessary to interpolate 
between the figures given in the tables. 


(A) Correct the power check pressure for the prevailing ambient 
temperature and pressure altitude, using Fig. 4-51, Fig. 4-52. 


(Example) 


E: 


ri 


AMBIE 
AIR TEMP 


т 
на 4 


> PRESS ALT 


CORRECTION FACTOR = 1.00 
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CORRECTION 


345 


—_—— E.P,C.FP. 


CORRECTED P.C.P=345PSI 


(B) Chenge the corrected P.C.P for humidity, using Fig. 4-55, 
Fig. 4-57, Fig. 4-58. 


(Example) 

| 

1 

! 
e 
2 
= 
E 
= 
"= 
® 
ҒА 
a 

+12 
WET BULB TEMP 

oA 

EN 
x P 
SÉ 
e 
s < 
‚= р: 


—— 


100 
— PRESS ALT 
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Раве 904 


345 
— > CORRECTED Р.С.Р. 


The corrected E.P.C.P for humidity 

= (Corrected Р.С.Р of engine data plate) + (P.C.P 
compensation for humidity) 

= 345 psi + (-2 psi} = 243 psi 

This is the corrected E.P.C.P value for humidity. 


(4) Fuel Datum Setting 


A. Graphical Solution 


(A) Set the fuel datum for the prevailing ambient temperature, 
using Fig. 4-46, Fig. 4-47. 


(Example) 0.А.Т 413°C 
Fuel datum setting ...................... 100% 


(B) Correct the fuel datum setting for the humidity, using Fig. 
4-53, Fig. 4-54, 


(Example) 

A 
n 
E. B. 
SIE 
x 
2E 
= n. 

| 0.39 

———b- DRY BULB TEMP 
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FUEL DATUM 
^W/Po PRESS LINE | 


100f 


| 
[ 
— | 
PRESS ALT | 

| 


The corrected fuel datum setting for humidity 

= (Corrected fuel datum setting of prevailing ambient temp.) 
- (Setting compensation for humidity) 

= 100 + (-0.6) = 99% 


This is the corrected fuel datum value for humidity. 


B. Tabular Solution 


(A) Set the fuel datum for the prevailing ambient temperature 
using Fig. 4-46, Fig. 4-47. 


(Example) 
0.А.Т..........»...%................... +13°C 
Fuel datum setting ..................... 100% 


(B) Correct the fuel datum setting for the humidity, using Fig. 
1-55, Fig. 4-56. 


(Example) 


DRY BULB TEMP 


— 


+32 
——— > WET BULB TEMP 


5 Бес 15/57 
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WATER VAPOUR 


““ PARTIAL PRESS 
C 
LA) 
Ka 
| 
| 
Í 
| 
1 


100 
> PRESS ALT 


Ihe corrected fuel datum setting for humidity. 


= (Corrected fuel datum setting of prevailing ambient temp.) 
+ (Setting compensation for humidity) 


= 100 + (-1) = 99% 


This is the correction fuel datum value for humidity. 
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Power plant - Adjustment/test (cont.) 
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(reduced range) - graphical 
Figure 1-50 


Corrections to Power Check Pressure 


Fig. h-51 and 4-52 and 


in 
ith a reduced scale is given in Fig. 4-h9. 


tion of this graph is shown 
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A tabular representa 
a full range graph w 
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AMBIENT AIR TEMPERATURE (deg.C.) 
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plant ~ Adjustment/test (cont. ) 


CORRECTION TABLE 
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Corrections to Power Check Pressure - tabular 
Figure 4-51 
NOTE: A graphical representation of this table is shown in Fig.4-hg(full range) 
and Fig.4-50(reduced range). 
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Graphical representations of this table are shown in Fig.4-49(full range) 
and Fig.4-50(reduced range). 
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Power plant - Adjustment/test (cont. ) 
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Power plant - Adjustment/test (cont. ) 
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Hygrometric chart - tabular WET BULB TEMPER ‘TURE - Ty (deg.C.) 
Figure 4-55 


NOTE: A graphical representation of this table is shown in Fig.h-53. 
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Powor plant = Adjustment/test (cont, ) 


FUEL DATUM CORRECTIONS FOR HUMIDITY TABLE 
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Fuol datum corrections for humidity - tabular 
Figure 4-56 


NOTE: A graphical representation of this table is shown in Fig. 1-5. 
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plant - Adjustment/test (cont, ) 


RELATIVE HUMIDITY (Pw/Po) FACTOR TABLE 
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Relative humidity factors - tabular 
. Figure 1-57 
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A graphical representation of this table is shown in Fig. 4-54 
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Power plant - Adjustment/test (cont. ) 


CHANGE TO CORRECTED POWER CHECK PRESSURE РОН HUMIDITY TABLE 
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tu : : ` 
> . h 
p 0.040] = = 9: -10 i =11 | -12 | -12, -13 | —14 7-15 +16] -16 | 727 -iB -20 -2 -22 i -23| -24 . 0.040 
< --- |. — a4- LLL. 
0.030 EB -в. -6i=-7|-8|-8|-9|-3| -10. -10| -11 | -11 | -12 | -12 1-12 Se -14,-14 | -15 a ~16 -16 | 0.030 
— —-4 ЕЕ 
0.025 ~ 61-6 |- 11-7 - в! - 8: ~ 9| - 9| -10 | -10 о | " тт m -12 | 0.025 
0.020 -4|-4i-4:-5 -5|-5:- ` -s|-6l-6 0.020 
—— و‎ — -—— — V ا ا‎ — 
0,015 ~2/-2 | - 2 -2 -3|-3|-3i- -2:31-3(-31-3|-4,|-4 -4 -4 ! 9.015 
SEI apu 
0.005 | + | +» 1| + 2 |+ 2 + 2+ 2 + 2 + 2! +93 + 3 + Sie 3+ 31+ 3+ 3 + 3| + 41+ 4| + 4 + 0.005 
А А - - р == —— = 
200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 
| CORRECTED POWER CHECK PRESSURE (р.5.1.) G2092A 


Change to corrected Power Check Fressure for humidity - tabular 
Figure 4-58 


NOTE: A graphical representation of this graph is shown in Fig. 4-55. 
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4.9.6 
4.9.6.1 
1. 


2, 


10. 


11. 


Engine Starting and Runs up Procedures 


External Chec: 


Area & Equipment ., 


a CLEAR 


Chock ee э а re Lll С 


«round Pire Extinguisher ...:......... READY 


Landing Gear Safety Pin ...............1ІХ 


Aircraft Position .....................ОНЕСК (Cross Wind + 30°) 


Nose L/G Bay 
(1) Nose L/G & Door ...................CHECK 


(2) lorque Arm Pin seme ee wea о э» э оо а ө э а а @ CONNECTED 
(3) Tire & Oleo eesovce»o/nsssceecceces ECKE 


ront Fuselage 

h) Access Door ...................... LOCKED 
5) Pitot Tube & Cover ................СНЕСХ 

6) Static Pressure Port ..............СЦЕАВ 

T) Antennas & Anticollision Light ....CHECK 

/ 
8 


В/Н. Nacelle & Propeller 

(8) Engine Air Intake Cowling .........CHECK & NO COVER 
(9) Propeller Blade ...................СНЕСК 

(10) Propeller Angle ................... O" DEGREE 

(11) Propeller Rotation ......... e FREE 

(12) Fire Extinguisher Indicator .......CHECK (Green) 
(13) Engine Cowling......... Z... ........SECURE 

(14) Engine Exhaust Pipe ...............СНЕСК & NO COVER 
(15) Fuel & Oil Leak ...................ХО LEAK 


R/H. Main Wneel Well 
(16) Main L/G & Door ...................CHECK 
(17) Tire & Oleo .......................СНЕСК 
(18) Wing De-ice Fire Extinguisher 
Indicator ......................СНЕСХ (Yellow) 


R/H. Wing 

(19) Wing Heater Inlet Duct ............CHECK 

(20) Wing Leading Edge .................СНЕСК 

(21) Wing Lower Surface ................СНАСК & NO FUEL LEAKAGE 
(22) Navigation Light ................. CHECK 

(23) Static Discharger ................ « CHECK | 

(24) Aileron & Tab .................... CHECK NEUTRAL 

(25) Flaps .............................СНЕСК (Up) 


Horizontal & Vertical Tail 

(26) Stabilizer & Vortex Generator .....CHECK 
(27) Elevator & Tabs ...................ХЕЛТЕДІ, 
(28) Vertical Stabilizer ...............СНЕСК 


12. 


13. 


15. 
4.9.6.2 


(29) Rudder & Tab ....... „ч. еа,» NEUTRAL 
( 30) Ant ennas Së hb 9»? P 9" b B oe B m e b bà m» Bo Rob e e Po? ® їй ú ш CHECK 
(31) Tail Navigation Light ............... CHECK 


L/H. Nacelle & Propeller 

(32) Engine Air Intake Cowling ........... CHECK & NO COVER 
(33) Propeller Blade ..................... CHECK 

(34) Propeller Angle ..,.................. "О" DEGREE 

(35) Propeller Rotation ....... 2444....... FREE 

(36) Fire Extinguisher Indicator ......... CHECK (Green) 
(37) Engine Cowling .................»...... SECURE & NO COVER 
(38) Engine Exhaust Pipe ................. CHECK & NO COVER 
(39) Fuel & Oil Leak ...............»..... МО LEAK 

L/H. Wing 


(10) Wing Heater Inlet Duct ,............. CHECK 
(11) Wing Leading Edge ................... CHECK 
(42) Wing Lower Surface ,................. CHECK & NO FUEL, W/M LEAK 


(43) Navigation Light ............. ....... CHECK 
(44) Static Discharger ................... CHECK 
(45) Aileron & Тар.............. “4...аш..а, CHECK NEUTRAL 


(56) Flaps b 5» à Po Bh S? à b €" Po d b Bo B SU 4 P OG Bo dd P9? à ho hb à Bo" ш + CHECK (Up) 
Prepare records and engine data necessary for the engine run up. 


Cockpit Cneck 


1.9.6.2.1 Before Starting Check (External Power Off) 


1. 


11. 


12, 


Circuit Breaker Panels .................. 3 PANELS CHECK 
Battery Sw .........4.......ша зд Nun OFF 

Windshield De-ice Sw (ІН, RH) ............ OFF 

Pitot Deicing Heater SW ................. OFF 

Wing Tail De-ice & Ignition Select Sw(3). OFF 

Ram Air Override Sw. .................... NORMAL 

Blower SW .........4......... .......... ОЁ 

Ignition Test Sw ,....................... NORMAL 
Aircraft De-icing бы..................... OFF 

Engine De-icing Master Sw.(Nos. 1&2)..... OFF 


Radio Power Feed Master Sw. & Cooling 
Fan OW, s 8 B B é ü B à Bo B B Po ü B 4 PB B B Bo B eo à y" à £ FH e ¥ OFF 


Generator Sw. (Nos. l %2).......»...... OFF 


13. 


14, 


15. 
16. 


17. 
18, 


19. 


20. 
21. 
22. 
23, 
ak, 
25. 
26. 
27. 


20. 


29. 
30. 
31. 
32. 
33. 
34, 
35. 
36. 


37. 


Geavenre Pump Sw. (Nos. 1 & )....... 


Booster Pump Sw. (Nos. 1 & h, 
Mein Emerg.) à b Bo€- P Pp s G hb m ово 


Crossfced Valve Sw. 


фо ті B із e ep & b 


Fuel De-icing Sw. (Nos, 1 & 2)....... 


Inverter Sw. (C.F. Power Source) 


Nos. 1 & 2, Emerg. 


ap 9 9o k ü ü $ë h ë 9 à Š 


Alternator Sw. (W.F, Power Source) 
Nos, 1 & 2 SA ü + Po? P n B ee š ú e ü s e a K o? à B 


М.Е. Alternator Transfer Sw. Nos. 1 


& 2 9? BOB BOR B Po» Bo& b .. à üë à . 9 6 9 ü... Bo? € oe 


Landing Lignt & Motor Sw. ,......... 


Taxi Light SW. вооон оное ооо 


Wing Inspection Light Sw. .......... 


Anti Collision Light Sw. enee cas 


Navigation Light Sw.... eos eee ene 


Starter Master Sw. 


fa 


Gë 96 8 9 à ee b Po EE SE ñ ú Aa e 


Engine Selector Sw ................. 


Ign. Relight Sw. (Nos. l & 2) ........ 


Wing Fire Extinguisner Sw. 
(LW. Tail, RW) ..................... 


High Stop SW, bo š b BB ús ü ü о b ü hb ü b w a 


Emerg.Fuel Shut Off Handle (Nos, 1 


& 2) K š b b 8 G 9? ü P B Gü P oe | 


Fire Extinguisher Discharge Sw...... 


Propeller Brake SW, ............... 


Wiper Speed Control Knob ........... 


Oxygen Supply OW. $ 8 n 9 9? ü 9 9? üa 9 à # FH ¥ e 


Static Selector OW, (2) оо ооо 


Anti Skid SW, f Bob ü ó ee P B аи Po ü ат ий b P Bn в B 


Parking Brake Handle ............... 


OTF 


OFF 


NORMAL 


OFF 


OFF 
NORMAL 
LOCK 

CHECK (Off) 


OFF 


FULL CLOSE (C.W): 


OFF 
NORMAL 
OFF 


PULL SET 
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Landing Gear Handle ........ ...... 
Fuel Qty Test Selector Sw. (LH,RH). 
Emerg.Hyd. Pump Sw ........ a eto 
Emerg. L/G Handle ,................. 
Cooling Fan SW. ................... 
Spill Valve Sw. (LH, RH) .......... 
By-Pass Handle ,................... 
Cockpit Temp. Selector Knob ........ 
Emerg.Flap Handle 144444440 вино 
Manual Cont. Knob .................: 
Press. Cont. Shut Off Sw. ......... 
Pitot Static Shut Off Valve ....... 
All Trim Tabs (3) ................. 
Prop. Synchro SW. .4...............: 
W/M Booster Pump SW. .............. 
W/M Master Sw. (LH, RH) ........... 
Flap Cont. SW. аена аана на 
Gust Lock Lever .................... 
E.P. Cock Lever (Nos. 1 & 2) ...... 
Low Stop Lever ККЕ 
Throttle Lever (Nos. 1 & 2) ....... 
Friction Lock Lever ............... 
Emerg. Brake Handle ПОН 


Stewardess Circuit Panel Sw. ...... 


DOWN 

MAIN SELECTED 
OFF 

LOCK 

OFF 

MANUAL 
BY-PASS 

OFF 

LOCKED 

FULL INC, 
OPEN 

NORMAL 
NEUTRAL CHECK 
OFF 

OFF 

OFF 

OFF 

LOCK 

OFF 

GROUND 

FULL MIN 
UNLOCK 
NORMAL (Push) 


OFF 


External Power On Check 


External Power ................... 
Battery Sw. s... ú... етт её POR s. & т . b # = ә ee 
External Power Т/С ,.... a... .s....... 
DC Voltage 7" b B B B OB š ée ü ú ú ú ge d B 8 ü жаа 
Battery * š ü w ü Bo "m & * 9 à B o B * а. b n ú ú ñ €* mm hb гер 
(1) Ener. Shut off Valve Ind. 
(LE, RE) ооо ооо фест 
(2) Fuel Cross Feed Ind. (LH,RH).. 
(3) Main Bus Fail W/L ............ 
(Қ) Alternator Fail W/L 
(Nos. 1 5 2) a ep ü . ú pe ш e + 4 а леа à 
(5) Power Fail W/L (Nos. 1 & 2)... 
(б) Fuel Press W/L (Nos. 1 & 2)... 
(T) Oil Press W/L (Nos. 1 & 2).... 
(8) Landing Gear I/L & Unlock I/L. 
(9) Low Stop Unsafe Light ........ 
(10) Below Low Stop Light 


(Nos. 1 & 2) ,............. .. 
(11) Feathering Pump Light 

(Nos. 1 & 2) ................ 
(12) High Stop Removed Light 

(Nos, 1 & 2) о... 


(13) High Stop Unsafe Light ....... 
(1 


ік) High Stop Emerg. Sw. ......... 
Inverter Sw. (Nos. 1 or 2)........ 
Power Fail W/L (Nos. l & 2)....... 


Eng. Overheat Test Button 
(Nos. 1 & 2) ................... 


Eng. Overheat (Nos. 1 & 2)........ 
L/G Fire W/L (Nos. 1 & 2) ........ 
Engine Oil Temp. Ind.(Nos. 1&2)... 
Flap Position Ind. ....»..»......... 
Fuel Quantity, (Nos. 1 & à) ...... 
W/M Qty Ind. 


& 9 $& 4 € P ооо P HH O FF ae 


Hyd, Qty Ind. ъз à & € PP 9 9 B4 nG €" à te таға 


CONKECT 
EXTERNAL 

ON 

CHECK (28V £ 1V) 
әү 

OPEN 

SHUT 

ON 

ON 

ON 

ON 

ON 


ON 3 GREEN & OFF 
ON 


OFF (Push to Test) 


ON 
CHECK NORMAL 


ON 


OFF 


PUSH TO TEST 
PUSH TO TEST 
PUSH TO TES? 

CHECK 

UP 

CHECK (Min. 1000 156) 


CHECK (Min. 40 USG) 


CHECK (In Green Marks} 


lo. Hyd. Press. Normal ............... . CHECK (2100 poi above) 
Emerg. ................ CHECK (2800 psi above) 

т. Energ. Hyd. Press. Sw. ,........... NORMAL 

18. Under Floor Door Open W/L ......... OFF (Push to Test) 

19. Cabin Door Open W/L ............... OFF (Push to Test) 

20. Spill Valve Light (LH, RH) ........ ON 

21. W/X Pressure Light (LH, RH) ....... OFF 

4.9.0.4 Starting Procedures 

1. Door Warning Light ................ OFF 

2. Anti-collision Light .,............ ON 

3. Fuel Trimmer SW, .................. OAT, SED 


TAM 
A QI 


Outside air temperature + 10°C above ..... 105 
Outside air temperature + 10°C below ..... 302 
h. 


Check Oil Temp. d b Boh Bo 5B k 9  &ob aseene b MIN, -30?C 


(Minimum for Open Up -15?C) 


=ч 


Н. Р. Cock Lever .................. OFF 


6. Low Stop Lever .....4.........»..... GROUND 

T, Cnrottle Lever .................... FULL MIN, 

8. Fuel Booster Pump ................ ON 

9. Fuel Pressure W/L ................ OFF 
10. Propeller Brake SW, .......»....... OFF 

(After Stair Way Up) 

ll. Engine Selector SW. ............... He SELECT 
12. Starter Master SW, ................ OLART 
13. Propeller Stop .................... CHECK 
14, Check Fire Guard ...........»....... CLEAR 
15. Starter Push Button ............... 2 to 3 БЕС. PUSH 
16. Starter Motor I/L ......... eS, #2 ON 
17. H.P Cock Lever .................... H.S.V.D, (Lock Out) 


When Engine Speed Reaches 1200 to 1500 rpm 


CAUTION: DISCONTINUE THE ENGINE STARTING IMMEDIATELY 


NOTE: 


High Stop Removed Light ........... 


Start T.G.T. .. 


Oil Pressure W/L ED 


011 Pressure Gauge .,.......... 


Start Push Button (After 30 Second) 
Starter Motor Indicator Light ..... 


Fuel Trimmer 


E & à G P ee Boh B hb B à аға ú à wo B 


N 
WATCH 507 
5 5o 6 psi OFF 


CHECK OFT 
STOP 


POP OUT 
OFF 


O.A.T. SET 


ms eng T 
الال‎ aad PÉ 


( POSITIONING THE 


SELECTOR SWITCH TO SAFE) AND PLACE THE Н.Р. COCK LEVER IN PUZL Orr 
IF ANY OF THE FOLLOWING CONDITIONS TAKES PLACE: 


1. No light up within 20 seconds after initial indication of 


fuel flow 
2, T.G.T. approaches 930°C 


3. No oil pressure indication 


4. No automatic acceleration to idle rpm 


5, Unusual or excessive propeller vibration. 


If starting is discontinued, motor the engine for 30 second and allow 
the fuel drain collector can to drain fuel for 2 min. 


6. Increase the trimmer gradually, watching the T.G.T. indicator 
in order to avoid abrupt rise of T.G.T. 


T. If the starter motor indicator light remains on, place the 


starter master switch in SAFE. 


No. 1 Engine Select Sw, ........... 
(No. 2 Engine in the Same Manner) 


After Start 

Starter Master Switch ............. 
Engine Selector Switch ,........... 
Generator Switch (Nos 1 & 2) ...... 
External I/L .......”.............. 


D.C. Voltage ........м4. е.......... 
& Battery Voltage ,.......... ...... 


SELECT 


CAFE 
OFF 
ON 
OFF 


CHECK (28V + 1v) 
CHECK 


LINDE 


FF + Б ^ =a == mp e E] 
n a Kx. ا‎ r Power ww ee TOT OS eS es, ч = 
и 09 eee 9 & à à & a s a e А5 а, a aas Ü Cu RARE 

А —- m =s = "am р vm, жы = 
“м ша ي‎ й === == ass =" Lad ңғ ага = 

- y J = ты x deel L “СУ Ó. Ф oh) &  & EH 8 E £ w É e A KE kl e e ағ aua 
9 Léa ee as VK А — А + 

+ * - = озге феа з вош B3 э 4 » ваевато 2575 кеге! 2200 72251 

ті. 


" " 9^ & 5B E B m & É í ú o» 8 т CIN. POSITION 


== ы у^ ` ғ... We чың r= = 
2. SeT “цес a. FOO 2 Г . + b в EL اھ‎ мы dek EADS 


3. Cneck алд Record rrer s... mm AE A о CHECK & RECORD (8000 to 85000 RPM) 


L. Check and Recorà Fuel Flow .. 


..... CHECK k RECORD (3452 81bD/HR) 


1. Set Fuel Trimmer ................. S.A. T, БЕС 
c. oet td ADM a € »& 8 & 9? b P OB eebe ü Bo» e 12505 APM, 
3. Oil Pressure ага Oil Terserature . CHECK & RECORD 
NOTE; Minimum 052 Temperature ....... 55°C 
Mininur Oil Press ............. 13.5 psi at 55°C 
2.0 psi 


at 115 to 120°C 


el; nester J2e-icing Сһеск 
) Fuel Filter Heater Switch to 
Menu Al „озона зововасотаоов DECREASE 50--100 RPM 
(2) Fuel Filter Heater Switch to 
ГГ .......................... INCREASE 50~100 RPM 


wer Unit Ice Protection System Спеск 

) Set Engine RPM ................. lO000rpm 

) Alternator Switch .............. START-ON 

) А.С. Voltage (144-156V) ........ CHECK & RECORD 

) Engine De-icing Timer Switch ... FAST -15°C ABOVE 
SLOW -15°C BELOW 


bo 


= 


ÉZngine 2e-icing Master Switch .. ГОК 5 SECS-THEN OFF 
Timer Fail L/L ................ 

De-icing Fail Т/1,.............. 
А.С. Ammeter ................... CHHCK/COMPLETE CYCL 

О -2С Seconcs ......30— 35 Amps ... AIR INTAKE 

00-40 Seconds ......50—50 Anos ... PROPELLER & SPINNER 
0-60 Seconds ...... 7~10 Amps ... AIR INTAKE CONTINUOUS 


4 
єз С» С» 0 


боку] exh 
raj тт] 
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H н " ^ = e e — ++ 
WARNING: When the outside air temperature is above 30°C, do not conduct 


the power unit ice protection system check. 


Operation in 


excess of 6 cyeles is also prohibited. 


(9) Alternator Switch ............. 


(10) Alternator Failure I/L ........ 


4.9.6.6.3 Dry Power Check 
l. 
2. 


3. 


NOTE: 


Check Oil Temperature ....... 


Set Fuel Trimmer мИМИРМИМИ P hb ü W F b pg е 


Advance Throttle .................. 
Below Low Stop Light ........ 


at least to stabilize T.G.T. 


5. Check and Record 
Engine RPM , 
T.G.T. 
) Torque 
) Engine 
) Engine 
) Engine 


Press. 


a + à ep а 


" W eg eg B $ B à b + ü š o5? + à тете 


Oil Pressure .....4...... 
Oil Temperature ........ 
Fuel Flow ,....... 


OFF 


ON 


AMBIENT SET 
AT LEAST 55°C 


SMOOTHLY 
OUT 


Keep the throttle lever in FULL OPEN position for 1 min 30 sec. 


15000~15050 RPM 
NOT TO EXCEED 865°C 
RECORD 

AT LEAST 13.5 psi 
65° ~ T5°C 

RECORD 


NOTE: 1. The maximum allowable T.G.T, while the throttle is in FULL 
OPEN position is 865°C. 


2. Record the reading swiftly and accurately to minimize tne 
engine ground run time at the maximum power condition. 


(T) Retard Throttle Smoothly ...... 


4.9.6.6.4 Wet Power Check 


BELOW LOW STOP LIGHT ON 


Set Fuel Trimmer Ambient .......... SET 


MINIMUM 


Check Oil Temperature ............. АТ LEAST 659C 


l, 

2. Position Throttle .2........ 

3. 

h. W/M Booster Pump Switch ........... ON 
5, W/M Master Sw. ........». 

6. W/M Pressure Indicator Light ...... ON 


WARNING: Do not turn on the W/M booster pump switch and the W/M master 
switch at higher rpm (in excess of 14500 rpm). 


T. 


Advance Throttle .....4............. SMOOTHLY 


€"- fw 
` 


ath, 


71 a 2 d үз wg - | т 4 + 1 - 4 7l - A 4 a ` 1 
lo Е LL сие throttle Lever ЕНЕ oth Ly up uO l1^057 DIU ара, “reer, паста 


u slowly from 14000 rpm to 14700 rpm. Watching carefully tne 
aenometer and the torque pressure indicator all tne time, tane a: 
at 18700 run for 10 зес., then, advance to 14600 rpm and then, m 
sure that the torque pressure increases, watcning the torque 
.nüicavor. Check that the W/M system cuts in at 28100 to 109 
increasing the torque pressure. 


NT TOT NN Á TH п Ke pu — kel TTA “ұта fuit م پد س‎ Ek тд м та 
CAUTICA: 15 THE TORQUE PRESSURE DOES NO? INCREASE 3EFORZE THE гнома SPE 


REACHES, CHECK THE SYSTEM. 


de cb а 


oa ^ = " ; ` 
Arter Increase in Torque Pressure, Advance Throttle to Take-or? 
Check апа Record Readings ........ AT LEAST 60 SEC. 


) T.G.T. av, 8 à а з BP Boh & 


1 1........... МОТ EXCEED 890°C & RECORD 
2) Torcue Pressure 


ene e nee. CORRECTED DATA PLATE ..... RECORD 
WITHIN 10 PSI 


CAUTION: 1. RECORD THE READING SWIFTLY AND ACCURATELY TO MINIMIZE THE 


10. 


15. 


1.9.7 


T 


ENGINE GROUND RUN TIME AT THE MAXIMUM POWER CONDITION, 


2. WHEN THE THROTTLE IS RETARDED FROM THE FULL OPEN POSITION, 


TAKE AT LEAST.5 SEC BEFORE THE ENGINE SPEED REACHES 14500 RPM. 


3. BE CAREFUL NOT TO RETARD THE THROTTLE ABRUPTLY, OTHERWISE THE 
Т.С.Т. MAY EXCEED 1000°С. 


Retard Throttle to 14650 RPM ..... TAKING AT LEAST 15 SEC, 
Hold at 14650 RPM Гог 15 Sec. .... NO FALL IN TORQUE PRESSURE 


W/M Cutout Check .......4..........: RECORD 

W/M Booster Pump Switch ......... OFF 

W/M Master Switch ............... OFF 

W/M Pressure Indicator Light ..... OFF 

Retard Throttle .................. BELOW LOW STOP LIGHT ON 
Engine Snut-Down Procedures 

Low Stop Lever ................... GROUND 

Gust Lock Lever .................. LOCK 

Throttle Lever ,................. MINIMUM 

Fuel Trimmer ...............»..... PULL DECREASE 

Н.Р. Cock Lever .................. FUEL OFF 


Oil Pressure W/L ................. ON 
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1k. 


WARNING: 1. 


Propeller Brake эм. ¿....... 


D.C. Generator Sv, 


& B B Bo? * Bà m . ú ú" pe Ë * B 


Inverter Sw. 


B b BR BOB B Bob & à ие PB o? Bop s 


Fuel Booster Pump Sw. 


pee eae GP tot 


Anti Collision Light Sw. 


Battery Sw. 


Parking Brake ,.................... 


Cockpit Windows ................... 


speed is above 3000 rpm. 


2. 


ON BELOW 3000 RPM 
OFF 

OFF 

OFF 

OFF 

OFF 

CHECK 


CLOSED 


Do not turn on the propeller brake switch when the engine 


Keep away from the engine exhaust pipe outlet for 5 min. after 


engine shut down because the residual fuel may be ignited. 


3. Place the H.P. cock lever in Fuel OFF position positively. 
There is possibility of explosion at next starting if there is 
fuel leak in the engine after shut down, 

h, 


When the H.P, cock lever is moved to OFF, cover the positions 


below OFF with a hand so that it can not be moved to the 


feather position inadvertently. 


If the Н.Р. cock lever 15 


placed in the feather position, the propeller may be feathered 
by the remaining oil pressure. 


4.9.8 Motoring Cycle Procedures 


1. 


Blow Out (Dry Cycling) 
(1) Propeller Pitch 
Low Stop Lever ........ ....... 
) Н.Р. Cock Lever .............. 
) Fuel Booster Pump ............ 
) Fuel Pressure W/L 
) Relight SW. ......»..».......... 
) Engine Selector .............. 
) Starter Master Sw. ....»...... 
) 
) 
) 
) 
) 


See 8o ú ü + ú . ës ge 


Propeller Stop 
Fire Guard ....-.............. 
Starter Button .»»..4....... 
Starter Motor Ind. Light ..... 
Starter Master Sw. 
(After 30 sec. of Motoring) 

Starter Button & Ind. Light .. 
Fuel Booster Pump 


июню 


H = — ете — ы 


„=ч 
| 


Bo? м. 


CHECK GROUND FINE PITCH 
GROUND 


OFF 

AS REQUIRED 
BLOW OUT 
CHECK 
CHECK 

PUSH 

CHECK ON 
SAFE 


CHECK OUT 
OFF 


CAUTION: 1. DO NOT EXCEED THE MAXIMUM ALLOWABLE DURATION OF 30 SEC. 


WHEN THE STARTER MOTOR IS USED FOR MOTORING CYCLE. 


|, 
Раде 101 


ce ANS 12 MIN. REST АТ LEAST AFTER 6 SUCCESSIVE STARTING 
GIVES OR MOTORING CYCLES IN ORDER TO COOL THE STARTER МОТОР. 


2, Blow Cut (Wet Cycling) 
2) -аке the same procedures as those for the "Dry Cycling." 
nowever, Keep the Н.Р, cock lever in the high stop withdrawal for 
29 sec. during the 30 sec. motoring cycle. 
(2) Conduct the dry cycling after the wet cycling. 
-.9.9 Fire during Start 
i. Starter Master Sw. ............... SAFE 
с. HP., Cock Lever ,......4..........,. FEATHER | 
3. Feathering Button ,......4......... LUSH 


4, Emerg. Fuel Shut-off Handle ,,.... PULL 


5. FPire-Extinguisher оч ооо Let HOT 
(2nd Shot If Necessary) | : ; 


NOTE: 1, If the other engine is running, feather it to facilitate fire 
fighting on the ground, 


2. When an engine is feathered, pull the emergency fuel shut off handle 
ag quickly as possible, 


6, Propeller Feather Angle ......... — CHECK 
T. Throttle Lever .......»........ MIN. 
8. Booster Pump .»ecenscoveveeeeve OFF 
1.9.10 Exhaust Pipe Fire 
1, Throttle Lever ...,4.4......... MIN, 
0. H.P, Cock Lever 44444.......... FUEL OFF 
3. Ignition C/B sesessvcesvvseeusene OFF 
4, Engine Selector SW, .... o AB REQUIRED 
5. Starter Master Sw. ...4.......,. BLOW-CUT 
6. Starter Push Button esscoresseree PUGH 


WARNING: After making sure that the propeller has completely stopped, 
push the starter pusn button, 


Te oturtor Mautar SW, eet SAFE 
(After 30 Sec. of Motoring) 
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Landing Gear Well Fire 


H.P. Cock Lover Bo Roh ü n b 9 Ho офи 


Feathering Button .......... 4... 

(Complete Feather ................ 
і 

Emerg. Fuel 61 ` wil Handle e bo d o" 


Fire Extinguisher Sw. ............ 
Throttle Lever See & & € ü GHEE Wow $& т 6 0 ere $ 


Fuel Booster Pump ................ 
(2nd Shot if Necessary) 


FEATHER 


PUSH 
CHECK) 


PULL 
ist SHOT 
MIN, 


OFF 
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Chapter lh, POWER PLAWT-EuGIUEO 


NOTE: The aircraft YS-11 is equipped with turbo-prop engines desirned to 
drive the propellers Uy gas turbines. The engine hes fairly many. 
differences from conventional reciprocating engines and even from 
similer turbo-prop engines of other manufacturers (e.g., Alliscn, 
Turboméca Astazon, etc.) in function end structure. Therefore, for 
purpcse of giving an outline of Dart turbo-prop engines, а беѕсгір- 
tion thereof is given in the paragraphs h.l and h.2. 

Those who are familier with this type of engine may Skip these 
paragrBphs, 


h.1 General 


The aircraft hes two Rolls-Royce Dart R. De 10 MKD542 turbo-prop engines. 

' The main components are a two-stage centrifugal compressor, Seven com- 
bustion chambers, and a three-stage axial flow turbines. The compressor 
is directly coupled with the turbine; the propeller is driven by the 
turbine through a separate shaft end reduction gear. 

The air coming in from the front of the engine enters the first-stege 
compressor for compression to increase its pressure and then the second- 
stage compressor for further cowpression. The compressed air Flows from 
the compressor outlet casing into seven combustion charters, where, to- 
gether with the injected fuel, burns to suddenly expand inte a tremendous 
volume cf gas, rapidly flowing through the turbine. Most of the expanded 
gas flow is utilized to turn the turbine, driving the compressor and at the 
same time being trensmitted to the propeller througn the reduction gear to 
rotete the propeiler. Energy not absorbed by the turbine flows inside the 
Jet pipe, being ejected rearward to be utilized as a smell amount of thrust. 
Also, to increase the engine power, the water/methanol injection can be 
carried out. 


4.1.1 Major Components 
The engine consists mainly of the following units. 


Air Intake Casing 

Two-stege Centrifugel Compressor and Main Casing 
Compressor Outlet Casing 

Combustion Chamber 

Turbine Assembly surrounded with Nozzle Вох 
Exhaust Unit 


4.1.2 Rotating Assembiy 


The compressor rotor Is rotated directly by the turnbine through the 

turbine shaft and the coupling shaft. Therefore, if there takes place 

such a trouble as a broken shaft, the turbine vill be subject to overspeed, 
To prevent such n trouble, the propellers are designed to te rotated esch 

by & propeller drive shaft, other than the compressar shaft, through the 
reduction gear. This propeller drive shaft is called "ihe inner drive shaft" 
which is located inside the hollow cempressor drive shaft an2 connected to 
the high-speed pinion shaft of the reduction gear. (See Fig. 4-5-1) 
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| Propeller shaft f Exhaust unit 
2 Air intake cowling 18 Cooling alr cutter 
3 Oil cooler Н Control box 
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1.1.7 Turbines 


The heated er os? da the combustion chambers Ph va іэп 9 tusseinheo in the 

nozzle boxe The turbines are arranged in ее берег, Wes Dos DT the 

heated ses ener en is absorbed, being convertica ines a tortw Yor drivin 

the compressors, propellers, епо accessories "ps turbine rug tery or ture 
etzurzed oy means of 


(T.G.T.), which is important for engine control, is : 
the thermocouple loceted on the end-stage nezzle gul 


4.1.8 Exhaust System 


The exhaust system consists of engine exhaust unit, jet pige sssemoly, and 
jet pipe shroud. The exhaust unit is fitted on the engine nozzle box end 

serves to supply the exhaust gas smcotniy to the jet pipe so that tae back 
pressure being applied to the turbines may be reduced. 


4.1.9 Principle of Engine Control 


The operation of Dart propeller turbines is performed by the following 
sequence of events. 


(1) Intake and compression of the air. 


(2) Addition of the fuel to the compressed air and combustion of 
air-fuel mixture to increase the gross calorific value ог the air 
flow. i 


(3) Ejecting the expanded gas through the turbires to produce 
to turn the shaft for the drive of compresscrs anc propeli 

(h) Utilization cf energy still remaining in the exhaust gss as а small 
amount or jet thrust. 


Generally, most of turbine power is used to drive the compressors. A small 
emount of power is used beth for driving eecessories and for internal fric- 
tion. Ага residual power (about one thir? st maximum of the total power 
produced by the turbines) is used for the rive of the prevellers. | 

The jet thrust, in terms of horse power, plus the sheft horse power, is 
called Т.Е.Н.Р. (Total Equivalent Horse Power). Power to be utilized for 


accessory drive is subtracted from T.E.H.P. 
Power produced by the turbines детепав on two elements: one is the sir mass 
flow end the other is the temperature drcp inside the turbines. 


Air Mass Flow 


The larger the air mass flow into the engine is, the greater the pover 
increase. The air mess flew varies as the engine срееа anc the air density 
vary. The air density is afvectea by altitude, atmospheric temperature and 
airspeed. The permissible range of the air-fuel mixing ratio of Dari engin 
during cruise and at high outputs is 55:1 to 10:1. Higher ratios will 
become necessary for lower speed operation. 
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the minimum proveller governed speed (minimum constent speed) of 11,500 гра. 
Open the throttles further to increase the fuel flow, and the T.G.T. rises 
while the speed remains steady. This is because the propeller pitch angle 

is varied by P.C.U. operation. This state continues until the throttles 

are opened wider to further increase the fuel flow and the engine speed. 
From this point on, the engines enter the flight operating range. Therefore, 
the air flow, fuel flow, end T.G.T. increase in proporticn to the opening of 
throttle lever, finally reaching the maximum power condition. (Figs 4-10, 
-11) This appears аз в special "step" on the Dart Engine Performance Curve 
(Fig. 4-10) at the speeds where the propellers are controllable. If the 

fuel is added to the engines running at a fixed speed, the air mess flow 
shows a Slight decrease due to a slight decrease in necessary power for the 
compressors. (Fig. 4-8) | | N 


4 


441. 21 Effect of Outside Air Temperature 


As previously stated, if the outside air temperature drops below Т.5.А. 
(International Standard Atmosphere) temperature, the engine efficiency rises 
and the engine power tends to increase. However, since the fuel flow is 
restricted to a fixed limit, i.e., to a prescribed quantity of fuel in ë 
static condition on the I.S.A. sea level, the T.G.T. can not be held at the 
maximum even when the outside air temper Seen drops and the air density, 
namely the air mass flow, increases. Accordingly the engine power is main- 
tained at about the same value until the outside air temperature drops lower. 
(Fig. 4-13) | 

T.G.T. correction must De performed for power check when the T.G.T. drop 
follows the fall of the outside air temperature. (Fig. 4-15) 

If tne outside air temperature rises over І,5.А., the air density, i.e., the 
air mass flow decresses; at a fixed fuel flow, the T.G.T. rises. Therefore, 
the fuel flow must be decreased if tne outside air temperature has exceeded 
I.S.A. so that the T.G.T will not exceed the permissible nezximum temperature. 
Decreasing tbe fuel flov can be performed irrespective of the engine speeds, 
that is, without moving the throttle lever, but by operating the fuel ĉatum 
control svitch located in the cockpit. The fuel trim position indicator is 


provided to indicate its ratio. 


Where the fuel datum has been set to "FULL INCREASE" (100%) by the indicetor, 
no fuel flow decrease occurs. However, if the fuel datum is set to a slight- 
ly lower selected position, the fuel flow decreases in proportion to the 
aperture of the throttles throughout the throttle lever stroke of setting. 
This is celled the fuel trin. 


.If the fuel datum is set to "FULL DECREASE" (02), the fuel flow decreases 


ebout 25% of that in the case that the fuel datum has been set to "FULL 
INCREASE." (Fig. 4-14) 

The selection of the fuel datum to any value obtained from the fuel datum 
positicn graph or table in accordance with the atmospheric tempereture, 
automatically maintains the T.G.T. within the permissible range even if the 
throttle lever is moved to TAKE-OFF position. (Fig. 4-16) 

When the І.5.А. is exceeded, the air mass flow decreases es mentioned above 
end the power produced by the turbine also decreases. It is the characteri- 
stic of the compressor driven by the turbine that the rise of the outside 
air temperature causes the compressor to less increase the air pressure. 
Besides, during hot weether, and at the fixed T.G.T., the gas temperature 
after passing through the turbines drops less and accordingly the engine 
power decreeses further. Needless to say, power required by the compressors 
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Compression retio: 6-1/4 : 1 


Dimentions: 
Diemeter ...... Approx. 38 in. mex. 
Tength A 9 4 9 üa n ao e 99-1/2 in. 


Weight (dry) .. 1,377 lbs. max. 


Reducticn ratio: O.0TTS _ 


4.3.2 Major Components 


(1) 
(2) 


(3) 


Air Intake Cowling 


Air Inteke Casing 
Reduction Gear 
012 Tank 
Bevel Gear Assy 


Compressor Casing 
Rotating Guide Vane 
Compressor 
Diffuser Vane 


Combustion Chazber 
Burner 


Intermeciate Cesing 
Bearing Ecusing 


Nozzle Box 
Nozzie Guide Vane 
Turbine Assy 
Heat Shield 
Exhaust Unit 
Oil Cooler anc 011 System 
Water/Methanol Unit 
F.C.U. and Fuel Pump 


P.C.U, and Feather Pump 


tarter Motor and Ignition System 


Accessory Geer Box 


Fire Detector and Fire Extinguisher 


PA Oil Cooler 


е То F.C U. & WM Uart 
— То Engine Piessur^ Sistem Ae 


Torcue Meter 


— Spill to Lower Bevel Hcusing 


— Relief Valve 


a 


Oil Tank 


Stand Pipe 


-Frem Reduction Gear & Lower Bevel Housing 
«From Turbine Bearing 
o w~ From Compressor Interstage Bearing 


lr E rom Compressor Rear Bearing & Accessory Bear Gox 


—^ To Propeller 


= 


Festhering Pump 
Oil Systen 


ч 
- 


Fig 4 — 20 


From Pressure Pump 


To P.C... & WAM Бой 


35psi 
` T т . 1, .. А 
Nominal Lo £0 Sngine -usricatioa 
8: Torque Meter 
Spill to бекке: ge 

Qi! Press. Relief Valve | 
Fig 4 — 21 _ 3 
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1.1.3 Reduction Cear 


The propeller drive rpm of the turbine shaft must be reduced to n precerizced 
value by means of the reduction gear of a high reduction ratio. If not, it 
is high great end inadequate for propeller rotetion. 

This reduction is done by means of the high-speed pinion and the three 
layshaft assemblies engaged with the pinion, and the annulus gear having 
geers inside and driven by the laysheft. The annulus gear is bolted to the 
propeller shaft. In this system are employed helical teeth. 

Ihe forward thrust prcduced by lnyshart rotation is balanced by the oil 
pressure applied to ome side of the piston located to the fore of the lay- 
shaft, whereby the pressure is measured as the index of the engine power. 
This pressure is designated as the torquemeter pressure, e 

The lower layshaft serves to drive the bevel gear essembly installed in the 
lower part of the air intake casing., Oil pump, propeller control unit 
(P.C.U.), and fuel pump are driven by the output drive shaft extending from 


the bevel gear assy. The reduction gear functions to reduce the drive 
power at the ratio of 1 to 0.0775. 


h.1.h Air Intake 


іп the air intake casing of magnesium alloy casting are installed the ге- 
duction gear and the oil tenk. On its front end is fitted the nose cowling 
on which the electrical de-icing element is attached. The rear end of the 
cowling has the flange fitted to the nacelle cowling. 

Оп the left-hand side of the air intake casing, the oil filter, vater/ 
methanol unit, end fuel pump are installed. On the right-hand side аге the 
propeller control unit, feathering pump and starter motor. The oil cooler 
is fitted on the top of the casing while ihe engine . oil system aceessory is 
on the lower side, 


— 


,1.5 Compressors 


The compressor assembly consists of magnesium alloy cesting front compressor 
casing, two-stege compressor, intermediate casing, and compressor outlet 
casing. Тһе two-stege compressor is housed in the main casing of aluminium 
alloy casting. In the main casing are fitted three engine mounts, the hot 
air gate valve on the lower side, and the fuel flow control unit (F.C.U.) 

on the left-hand lower part. The compressed air flows from the compressor 
outlet casing into the combustion chambers, 

On the outlet casing ere fitting the breather outlet, accessory drive 
adapter, end compressed eir spill cutlet. Тһе engine fire wall also is 
attached to it. | 


4.1.6 Combustion System 


The combustion system, consisting of seven combustion chambers, 15 attached 
on the intermediate cesing and connected to the turbine nozzle bex. 

Each combustion chamter is fitted with the flere tube and burner. The 
burner is provided to inject the fuei intc the tute to prepare end burn the 
air-fuel mixture. 

The third and seventh combustion chambers only are provided with high 
energy ignitor plugs for lighting at the time of engine start. Ignited 
flame is propagated to other combustion chambers through interconnectors, 
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Temperature Drop 


Gas temperature difference between turbine iniet end cutlet indicates the 
quantity of energy ebsorbed by the turbines. Accordingly if this ciflT?rence 
is great, it means that a great amount of energy has been absorbed by tne 
turbines. From this, it is understood thet а recommended way to improve 
| the engine efficiency is to raise the gas temperature at the turbine inlet 
as high as practicable. However, it is impossible to increase the tern- 
perature unrestrictedly due to the strength limitation of materials of 
engines. From this reason, it is recommended to operate the turbine engines 
¬‘ gat the highest possible turbine entry temperature as long es their nign 
reliatility апа long life are secured, z 
For this purpose, the limitations of operating temperatures for taxe-off, 
maximum continuous, and cruise operations are specified for engines. 
High pressure end large temperature drop cen be obtained at the зале turbine 
entry temperature at low ontside air temperature than at high outside air 
temperature. 
Consequently the maximum engine power cen be obt ained at low temperatures 
when the turbine entry temperature is kept constant by the fuel. 

"Under the seme atmospheric conditions, the air mass flow entering the engine 
is determined by the engine speeds. The engine speed can be selected within 
the range tetween the take-off speed of 15,000 rpm and the minimum constant 
speed of 11,000 rpm by means of the propeller control unit (P.C.U.) and the 
variable pitch propeller. 

The fuel flow, which is controlled by the throttle valve, is suppiied into 

' the engines by the quantity corresponding to the air iss fiow so that the | 
maximum turbine entry temperature will not be exceeded for purpose of main- 
taining the proper operating state of the engines. To this end, the pro- 
peller control unit and the throttle valve: аге interconnected each other 
by means of a lever. Namely, the pilot can control the engine by using one 
lever. | bs 
For engine power indication, the T. G.T. ‘indicator with а centigrsüe scale 
and the engine speed indicator are employed. Beside these, a torque pre- 

- © $sure gauge gradueted in psi is provided for the indication of propeller 

sheft horse power. < S 

Actually, since it is hard to measure the turbine entry temperature, the 

thermocouple is attached on the intermediete nozzle guide vane end tne 

temperature measured there, Т.С.Т. is regarded to be the most approximate 
^^ turbine entry temperature. This plays the most important role in engine 

рехидор end MAT сы — TT e 


* 


K 1.10 Engine Power Control 
“One engine start, or at idling сп the ground, most of the turbine power 
is used for driving the compressors. (Fig. 4-14) The propellers, therefore 
are so designed as to be adjustable to the angle 0° designated the ground 
fine pitch stop. The propellers are also provided with tne pitch lock so 
that their blade angle vill not be decreased below the flight rine pitch 
stop at 14° because the windmilling drag tends to grow very greet in cese 
of an engine trouble in flight. 
As the throttle lever is gradually moved from the ground idling position 
toward OPEN, the engine speea and fuel flow increase bui the propellers ere 
held at the asan owipiipay-a ground fine pitch stop until their speed reeches 


3 


June /66 | P s à 


Cy . 
Б +21 O | | | | | | +21 
(D 
+19 3 | +19 
SA +17 g 0 Engine power checks should not be +17 
415 16 6 0 carried out in ambient conditions +15 
+13 |. 22 12 5 0 in excess of I.S.A. +35 дер. C. +13 
+11}, 28 18 12 3 | +11 
+9] 34 24 18 10 0 Ко x + 9 
+ 7| 40. 30 24 16 1 0 Со + 7 
+5] 46 36 30 22 13 4 O р, | + Š 
+3] 52 43 36 28 20 10 2 “с, | + 3 
_ +1] 58 49° 42 24 26 17 ^8. 0 “о, + 1 
оС 1 G4 55. 48 40 32 23 14 7 Ü | - 1 
e ^ d 70 60 54 46 38 At 21 13 6 O | | - 3 
2 = 5 75 66. 60 52 44 35 27 20 12 5 O ‚ - 9 
— = 7 81 72 65 58 49 41 33 26 19 11 5 0 =- 7 
m = 9] 87 78 72 64. 55 47 39 32 25 18 11 4 0 - 9 
= =] 1] 92 83 73 69 61 53 45 25 4 24 17 19 4 d | | -11 
G -13 УВ 89 85 74 65 58 51 44 37 30 23 16 10 3 0 | -13 
ы ~15 | 104 94 88 80 72 64 56 50 43 26 29 23 16 9 з 0 | ~15 
G 717 109 100 94 86 78 79 а 099 48 41 35 29 23 16 10 3 0 -17 
F -19 |114 105 99 91 83 75 65 61 54 47 41 34 29 22 16 9 3 Ü - 19 
£ ~21 | 120 111 104 96 88 81 73 66 59 52 46 40 34 28 22 16 9 3 | -21i 
м ~23 | 125 116 110 102 94 86 79 ' 72 ба 58 52 46 40 34 28 22 16 10 | -22 
г -25 115 107 99 92 B4 rani 70 63 a7 91 46 40 34 2H 2 lo | -225 
< 217 104 97 90 82 75 68 62 96 51 45 40 ЗА OW 7 Bo | -27 
- 29 95 87 807 73 68 62 56 50 46 40 31 29 | -22 
-3] 91 84 78 72 66 61 50 51 45 40 35 | -3i 
-33 83 77 72 66 61 оё 51 1G 41 | =à 
-35 76 71 66 G] 26 o1 i 
-37 66 61 o6 
-39 
-509 41,000 3,000 45,000 47,000 49,000 11,000. 413,000 415,000 
-1,000 S.L. +2,000 +4, 000 45,000 +8,000 410,000 +12, 000 +1400) 
PRESSURE ALTITUDE (Íít.) 01746 
Y 
Ga NOTE: Subtract the correction value obtained from this table from the appropriate T.G.T. limitation 
LO = T.G.T. corrections at 15,000 r.p.m. (tabular) 


Fig. 4-15 


ALIYE 


LF 
Jk 


SOD) Gey Dae OL 


= —TT end 


пог 329g 


AMBIENT TEMPERATURE (deg.C.) 


sl Ch LA r2 ке Gah Ch =] 


i 
LD 


cof ont 


= = 


..... 
42.14 2.2, + +. 2a*mT m" n a P Ü, sa u a 2. af 
жук Wb 

" F"... 


n ERRE ЕДЫ ЕН Ы Al 
55 48 46 SESE EERE ЕЕЕ Engine power checks should not be ЕРЛЕП 449 
98 51 49 44 SUES REESE carried out in ambient conditions nus] 447 
ei 53 51 46 41 НЕЕ denoted- Dn this area of the table НН +45 
64 56 54 49 44 39 "ui o uev 2 Î 43 
07 59 57 52 46 42 оз? "Eus bb D ЕНЕ +4} 
70 62 60 55 49 45 40 35 Е ЕН ЕН НЕЕ +39 
73 65 63 58 52 47 аз 38 33 "El 437 
76 69 66 6l 55 50 45 40 36 32 "CE D SEER +35 
80 72 69 64 58 53 48 43 39 35 31 "SES SE ШЫННЫҢ +83 
83 75 72 67 61.56 51 46 41 38 34 30 "Gn b SD US) +31 
86 79 75 70 65. 59 55 49 44 40 36 33 29 T'SI РЫН 429 
90 82 79 73 68 G2 58 52247 43 39 36 32 29 "Uu ОШ НЕҢ 427 
93 85 82 77 "1 66 61 55 51 46 42 39 54 з 28 "SE 425 
92 89 85 BO 74 60 64 59 54 49 45 42 37 234 30 27 "iz 423 
100 92 89 83 78 72 68 62 57 53 48 45 40 зт 33 30 26 "| +2 


100 100 94 89 83 78 72 68 63 59 54 50 46 42 38 м 31 | 415 


100 96 90 86 80 75 70 66 62 +11 
100 94 90 384 79 74 70 65 + 9 
98 94 88 яз 78 73 69 + 7 
100 91 92 87 82 77 73 + 5 
100 96 91.86 82 77 + 3 
100 95 00 86 °‘ Bl + 1 
Py А 99 94 90 85 - 1 
4 100 99 94 89 - 3 
ZA 100 99 93 -5 
ес 
M 100 98 -7 
. 4 © . 100 - 9 
& 100 -11 
-13 
-15 
, ~17 
-19 
~500 41,000 43,000 +5, 000 +7 , 000 +3 , 000 -М11,000 413,000 415,000 
-1,000 S.L. 42,000 T4,000 46,000 48,000 410,000 412,000 414,000 
PRESSURE ALTITUDE (ft.) "NT 


Fuol datum position (tabulur) 


Fig. à-16 


(°O°S90) липтуччаня, імчіниу 


elso decreeses, But the decrease of the power is very little compared with 
thet of the turbine power, resulting in g decreuse in the propeiler shaft 
horse power. (Fig. 4-13) 

Besides, for setisfactory take-ofr, the prescribed rover can be maintained 
by boosting up the normel бгу power by vater/methancl injection even when 
the outside air temperature has varied. The woter/in2thanol fiuii serves 

to cool the compressor entry air, increasing bne air mass flow end simul- 
taneously improving importent combustion efficiency. (Fig. 4-13) Therzs 
to this, а constant. take-off power can be obtained within the range fron 
the outside gir temcerature of -209C to I.S.A., +209С, 


4.1.12 Specific Fuel Consumption 


а 
r 


When the T.G.T, is kept at the maximum degree in sea level static condition, 
1.е., under the take-off condition, the efficiency end specific fuel consumption 
become optimum. As engine speed is decreased in cruising, T.G.T. decreases 
correspondingly and specific fuel consumption increases slightly. 


` 


4.1.13 Effect of Altitude and Airspeed 


As the aircraft climbs, the power required by the aircraft decreases. The 
engine power elso decreases with the decreases of the sir density. (Fig. 
4-12). However, the drop of the outside eir temperature caused Ly the rise 
of altitude improves efficiency as stated eerlier, end the specific fuel 
consumption continues te be satisfactory up to the eltitude where the pro- 
peller efficiency will begin to decrease. А 

An increase in speed results in ал іпсгеаѕей air intake pres 
increased air mass flow. However, the intake temperature ri 
slightly due to ram efficiency. Usually, the fuel flow increase 

ses depending on the change of this eir mass: flow so that T.G.T. is main- 
tained at the prescribed degree. Also, the turbine power increases 
decreases slightly оу the proportion of ram efficiency, 1.е., tot 
pressure/ambient pressure. Accordingly the airspeed increeses th 
power. | | 

Static, sea level condition and at the inter-stional standarā atmos 
the fuel flow is the greetest; and accordirgly even e air mass flow 
is increased due to the increased airspeed, the гие] ficw will not increase. 
Due to this, the T.G.T. will drop and engine power increese will be restri- 
ected. | | 

As the aircraft climbs above the sea level, the sir intake pressure and air 

mass flow graduzlly decrease. 

But the maximum fuel flow is meintained until the ram air intake pressure 
decreases down below the pressure of 14.9 psi 5 I.S.A. when the aircraft 

is in static sea level ши, and the fuel control unit begins to de- ` 
creese the fuel flow. | | WO e, 
Up to this point, the fuel flow is ` kept —M &z&einst the decreese of the 

eir flow; end eccordirgly the Т.С.Т. rises and the engine power incresses. 

As the aircraft gces much higher, the air inteke pressure and mass flow 

further decrease and the fuel flcw automatically decreases so that the 

Т.С.Т. limit will not be exceeded. And power “есе 

(Fig. 4-12). 
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Ц,2 Engine Control 
1.2.1 Cockpit Controls 


The engine power is controlled from the cockpit by the, engine 52079 Cush re. 
through P.C.U. and also Ly operating в single throztle lever recnanica..y 
connected to the fuel flew control unit. 
Since the engines arc operated at varied cutside air te 
trimmer is used for the control of the fuel Plow suite d 40 Se ала 
so that the T.G.T. may be kept invariably within the limit. This 
trimmer is в 3-position fuel datum switch to operate tne actuator v 
the engine control linkage. 
In the cockpit is also installed the high pressure fuel cock lever (Hñ. P.C. 
lever), which has two functions: one is as a high-pressure fuel control 
cock in the fuel cystem and the other as a propeller feather selector. 
Place the H.P.C. lever in OFF position, and the high-pressure fuel flow to 
. the engines is cut off and the microswitch із simultaneously actuated to 
shut cff the water/methanol supply. Set the H.P.C. lever in ГЕАТНЕР, and 
the other microswitch is operated to prevent the other engine fron teing 
autc-feathered. 


М аз 
d 
F$ 
d 
= 
қ 
Lu 
L 
- 
ct 
ы 
кт 
k 
(D 
[+ 


4.2.2 Ground Control MEL 


Open the throtties fron the id 


ition, and the propejler pitch 
remains at 0° (ground fine tii 


t . With the increase of fusi flow, 

the engine speed increases till ches 11,000 rpm (minimum constant 
speed). Within a range above this nt, the rpm remains at 11,000 гга 
even when the throttles are opened wide er, and the propeller pitch incresses 
and the engine power increases. Goen the throttles much vider, and tne rpm 
and fuel flow incresse vp to the predetermined yelues respectively, the 
engine power end Т.С.Т. increasing proportionaliv. 

Move the fuel trimmer toward "DECREASE," епс the fuel flow decreases end 
the engine power also is lowered irrespective of the throttle position. 
When the propellers are rotating ex 31,000 rpm or less with their pitch et 
09, with the fuel trimmer set to "DECREASE," the speed decree 

Set the trimer to "INCREASE," and the speed increases.  Accoróin 
the throttles are opened with the fuel trimmer placed in "“DECREAS S 
the throttle travel grows longer unti] the speed reaches 21,002 гог; bui c 
the contrary, it becomes shorter during the period when the spee 23 oi 

rpm is maintained. (Fig. 4-17) 


4.2.3 In-flight Control 
In the initial stege of take-off, the engine control is done by the same 
procedure es in ground control, With an increese in speed, the propeller 
pitch increases and exceeds the flight fine pitch stop irrestective or the 
etmcspheric conditions. | 
During climb and cruise, the engine speed cen be set to any rate within the 
range of speeds fixed by the propeller control unit by means of the throttie 
lever. Also, at апу rpm, the use of the fuei trimmer is possible for the 
control of both the T.G.T. and the fuel flow. 
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In normal descent, the propeller piten ts invarianty over the fligat Fine 
pitch stop; алб the propeller control unit elvays me nteins the minirur 
constant speed cT 11,000 rom. While the speed Lever of tie prorielier cen- 
trol unit is within the range of the minimus ecnstant 
meni сап be done ty means of the throttle lever., Its 
can be performed by u iste tre fuel trimmer. 

Ас эп idling speed during epproach aud lending, the tnrowvle 
the fuel flow is decreesed Гог 131119, and the propeslis7z r 
the flight fine pitch stop of 14° end will not be бессесзе 
Accordingly the engine speed may in 5 ses decrease below 11,009 rpm 
because the propellers тау Decere p чи ling drsg cepending ороп the 
віг speed. 


4.2.4 Water/Methencl 204 
The duty of the water/methanol system is to increase the engine horsepower 
at the time of take-off below 10,000 feet end at the outside air tempera- 
tures between -20?C (the freezing temperature of siter terii and I.S.A. 
+30°C. The pilot can cperate the water/methenol system in the cockpit by 
pushing the water-methancl booster pump switch "ON" and also the water/ 
methanol master switch (г switch for operating the cock instslled in the 
line routed from the tenk up to the engine) "ON." Whether the system is 
properly operating or not can readily be reccgnized by the indicator light. 
When the throttle lever is поуеб to 11,600 rom or aver, the water/methenoi 
solution flows into engines; and with the lever moved below il 
the supply of the weter/metnanol fiuid is shut off. The vaver/ms 
system eutoratically stops when the E.P.C. lever is placed іп "FUEL OFF" or 
when the auto-feethering circuit is energized. 


4.3 Mejor Components 
4.3.1 ‘Engine Data 
Power: к” es | 


(In Sea Level Static Condition et I.S.A.) 
| Fuel Consumption 


R.P.M. S.H.P. Thrust T.E.RP lbs/hr. SH: 
Текё-оѓ? lb. ke 
(W/M injection) 15,000 2,775 ThO (336) 3,060 ------- 
Take-off Еге | . Е 
(Without W/M) |. 15,000 2,400 650 (299) 2,655 0.108 
Maximum conti- = 
nuous - | 15,000 2,400 660 (296) 2,255 _ 0.708 
Maximum cruise 14,209 1,880 525 (2:8) 2,6% 0.760 


NOTE: As gear box horsepower, ТОНГ Һас teen tesen insta acecunt. 


Direction cf rcotetion: 


Propeller .......... Counterclockwise as viewed from the rear, 
Engine ..!“...... Clockwise es ује«ей from tne rear. 
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4.4 Oil System 
\.\.1 General 


The engine oil system, 
to lubricate gears snd bearings. 


which is totally enclosed in the engine, 


15 provided 


Furthermore, the lubricating oil is supplied from this system to propeller 
pitch control, torquemeter system and water/methanol control system. 

The oil is supplied from & doughnut-shaped oil tank locsted in the air in- 
take casing and forcibly circulated by means of one pressure pump and four 


scavenge pumps. 
1..2 Data 


Engine tank capacity: 30 
Usable oil: Е 210 
Feathering reserve: 


Ae, 


Total engine oil ASA 47 


including propellers: 56i 
System pressure: 35 psi 
TO psi 


1.1.3 Oil Circulation 


Imp. pints 
US pints 
Liters 


Imp. pints 


US pints 
Liters 


Imp. pints 
US pints 
Liters 


Imp. pints | А 
US pints &. l 
Liters 


Engine lubrication 
Torquemeter 

P.C,U. 

W/M unit 


The lubrication oil is fed from the oil tank by means of the pressure pump. 
The oil tank, built in the circumferential space located to the aft of the 


air intake casing, has a capacity of approximately 30 pints. 


About 18-1/2 


pints of the total capacity flows into the pressure pump past the standard 
pipe and the remaining about 11-1/2 pints of oil is reserved for feathering 


in an emergency. 


(Figs 4-20 and -22) 


Тһе oil pressurized by the pressure pump is regulated into two pressures by 


means of the oil pressure relief valve, which consists of two valves designed 
to relieve the pressure.at 35 psi respectively. 


The total load of 70 psi 


oil is sent into the propeller control unit and the water/methanol unit 
while 35 psi of oil is fed into the engines for lubrication and the torque- 


meter system. (Fig. 4-21) 


The oil efter lubricating bearings and gear reduction housing is returned 


to the tank by means of the four scevenge purps. 


Before returning to the 


oil tank, the oil is cooled when it passes through the oil cooler located 


in the upper part of the sir intake casing. 


= 


Page 28 


(Fig. 4-23) 
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The centrifugal treather system is provided for purpose of ejecting the | 
air collected from the oil system. This system is designed to be driven by 
the lst gear of the uccessory gear box drive gears. The air flows from the 
oil tenk, reduction gear end lover drive housing into the accessory drive 
housing past the hollow compressor shaft. 

The oil used Гог lubricating the turbine bearings is àir-sealed by the com- 
pressed eir supplied from the compressor. 

A spring-loaded by-pass valve is provided between the oil cooler inlet end 
outlet for the prevention of excessive increase of pressure at the time of 
engine start during cold weather when oil viscosity tends to be high. The 
valve is designed to be шере at 30 to 35 psi. 


А h. | Маде" the Oil System . p | | ; 


'. The oil is a very important means to know the engine condition. On the 
ground, the condition of the engine interior can be known by oil color, 
foreign matters, апа consumption while in the air the engine opersting 
condition сап be recognized by oil pressure and temperature. 

At the oil tank outlet, the оі] temperature bulb is fitted to measure the 
oil temperature. The oil pressure transmitter is fixed on the upper ríght- 
hand side of the compressor casing for the measurement of oil pressure. 

At the bottom of the oil pressure transmitter is fitted the oil pressure 
warning light switch, which comes ON et the oil pressure of 5 to 6 psi, end 
һе CB E in the cockpit comes on. (Fig. 4-25) 


h.h.h. 1 Oil Temperature Indicator 


The [oil temperature indicator is an instrument which сабанын the oil 
temperature of both the right- and left-hand engines. 

The indicator has a scale graduated from -50°C up to 150°C. 

It.also has the following marking: 


Red radial line ` | -30°C ` 
Yellow arc: 2 eg SUE te „15°0 
Green arc EE -15°C to 412090 


Red radial line . . .*18009C - 
A 8,8,2 Oil Pressure Indicator .. e а а 
| The oil pressure indicator is an instrument which indieetes the oil pre- 
ssure of both the pa an and left-hand engines. 


It. operates on the 26-volt AC power, end is белйш ей from O to 10 psi. 
It also has the танир шаг ктар: | 


Red radidl line ME O to 9 psi 


Yellow radial line ' | 9 to lk psi © 
. Green radial line | 1h to 30 psi 


4.4.5 Oil System Data 


Oil temperature: -309С (nine) at engine start. 
-109С (min.) at engine start by using interal batteries. 
| -15?C (min.) in operation (over idling). 
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120°C (mex.) in operation. 

Oil pressure: 9 psi (min.) іп orcration (fiipht). 
14 to 30 psi (normal) in Cpornution. 
5 to 6 psi for oil pressure warning. 


h,h.6 Oil Replenishment 


For measuring the oil level in the oil tank, = Gipsticx is fitted to the 
filler cap on the top of the oil tank. Accordingly no oil quantity gauge 
is provided in the cockpit, where, therefore, the oil level can nct be 
checked during flight. 

Oil consunption is very important for recognizing the engine condition and 
therefore the oil level must be checked after each Plight. 

The oil level must be meesured within 10 to 30 minutes after tne engines 
heve stopped. This is because no accurate measurement of the oii level can 
be done due to the expansion of engines resulted from high temperatures and 
to the dreinage characteristic of the oil system. If the oil level is 
below "FULL POSITION" on the dipstick, refill the oil up to "FULL" nerk. 

If earlier departure has neeessiteted the oil level check to be made within 
10 minutes efter engine stop, and if the oil level remains between tne 
"FULL" merk and a 2-pint level, no oil refilling is necessery. Provided 
the oil has been consumed over 2 pints, refill up to the 2-pint level. 

Oil consumption is ebout 0.2 to 0.5 U.S. pints/hcur. If oil consumption 
exceeds 1/2 Imp. pints/hr (0.6 U.S. pint/hr), check for oil leeks. 


4.5 Cooling and Sealing Air Systems 
4.5.1 General 


The cooling air is teken out from several points around the circunference 

of the compressor and sent to each unit for cooling by dispersing the heat 

of the main gas stream. Besides, the sir is used for various other purposes 
such as: pressurization of circumferentiel space formed Бу ihe labyrinth 
seals and the 2nd-stege compressor casing; removal of residual water/methenol 
fluid from the engine bleed air used in the air-conditioning system, hy- 
draulic system, and other systems; end de-icing of the fuel filter. 

(Fig. 1-26) 


4.5.2 Air Seals 


The purpose of air seals is to control necessary air stream to prevent the 
entering of high-temperature main gas stream into the interior so thet the 
beering oil seals can work effectively. Most seals are of a labyrinth tyne. 
Oil seals are located between the oil and air seals, maintaining the рге- 
ssure always higher than in the bearing chamber in order to prevent oil 
loss. 

The lebyrinth type seals are also employed for the prevention of hot gas 
leakage from the turbine into the interior and as well as tne control ст 
cooling air stream. Іп this type, the leakege of cooling air toward the 
hot gas is permitted hut the hot gas leakage only is prevented. 
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1.5.3 Air Stream 


һ.б 


Cooling and sealing air streams are shown in Figs. 1-26 nnd 27. 

The high-pressure air also pressurizes Space round the corenmfe renee 6t us 
compressor intermediate casing, reducing the cesing Gitt caused ny pre - 
ssure difference between steres 

The tir taken cut from tre compressor inwermedinte casing Picws LPT 
the gauz valve to the fuel filter de-icing unit. 


Torquemeter System 


4.6.1 General 


8.6.2 Use of Torquemeter oyster 


lj 
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When torque is being applied to the propeller shaft, axial tnrust occur 
between the helical teeth of the three laysheft driving gear and the hi 
speed pinion and also between the helical teeth and the annuits gear oF the 
propeller shaft. This thrust is proportional to the torque being applied 
to the shaft. This thrust is balanced with oil pressure c&lisd the torque- 
meter pressure and, by measuring this torquemeter pressure, the engine power 
cen be known, This measurement is done by means of the torgucmeter 

(Fig. 4-30) 

The general description of the reduction gear is given in the paragraph 


4.1.3. 


ғ 


Torguemeter pressure is used for the following purposes for the indication 
of the engine power. 


= - 
ғ 


(1) Indicates torquereter, on the basis of which the pilot сеп 
з P 
calculate take-off power. 


(2) Serves as an element of the water/methanol control on wet 
take-off. 


(3) Serves as en element for auto-feathering the propellers by 
cperating the low torque switch in the event cf engine trouble, 


(h) Balances the forward thrust of the layshaft. 


This torqvemeter system, however, is not accurate; and accordingly it can 
not be used as a precision instrument for engine control. This may be 
used only as a guide to see if the engines are running in а satisfactory 
operating condition or for changing the engine power. 


6.3. Construction 


Sech layshaft bas a thrust pad on its top end and а piston against the 
thrust рай, To this piston, the oil is supplied by пезле or the gesar type 
torguemeter oil pump; and accordingly the oil pressure and toe fcrwa 
thrust of the lJayshuft are balanced. Тһе Jower layshaft is 
а plurger assembly whereby the torquemeter oil pressure is adiucte 


(Fig. h-29) 
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With un inerease іп engine torque, the lnayshaft moves forward. Sines cil 


Aapilling through the plunger decreases, the Lorquemeter cil pressure an- 
creases. When the engíne speeds increase, the oil pressure from the pump 
nlso increases; but the amount of oil spill from the plunger been preter 


to balance with the forward thrust of the layshaft. 
Under a fixed power condition, layshaft thrust and torquemeter pressure are 
balanced and the plunger is in the position where this balance is maintained. 
This balanced oil pressure is utilized by the torquemeter pressure trans- 
mitter, water/methanol unit, and low torque switch. Owing to the balancing 
mechanisin using a plunger, hunting mey in some cases occur, resulting in 
fluctuation on torquemeter, In such a case, decrease the power to reduce 

the torque once to about 50 psi and the hunting will stop. 


1.6.3 Low Torque Switch 
The low torque switch is of a diaphragm type, which operates at the torque 
pressure of 10 to 50 psi, completing the auto-feathering circuit. 


4.6.5 Torque Pressure Indicator 


Torque pressure is indicated by an indicator consisting of a DC desyn and 
а Dourdon's tube. The indicator is graduated from O to 500 psi end provided 
with a yellow arc marking from O to O psi. 


4.7 Compressor 


4.7.1 General 


The compressor is of a single entry, e-svage, centrifugal type and is di- 
rectly coupled with the turbine. 

The compressor casing is composed of the three principal parts as shown 
below and has insice the rotating assembl у and the ist- and end-stage 
diffuser rings. 

The three principal parts are: 


Inlet casing .......... (1st-stage diffuser ring) 
Interstage casing ..... (Engine mounting feet) 
Outlet casing ........ (2nd-stage diffuser ring) 


Refer to Para. 4,1.5. 


Compression ratio et the maximum speed under the I.S.A. condition is about 
6.250 : 1. 

Inside the compressor is built the water/methanol unit fer injection of water, 
methanol fluid so that а constant take-off power may te obtained within the 
range of temperatures from -20°C up to +30°C I.S.A.- 


4.7.2 Operetion 
The air pressure is increased by the centrifugal force of the two impellers, 
The air going into the compressor increases its speed when passing throuzh 


the nir intake and flows through the rotating guide vene. The eir in the 
impellers is forced outward by the centrifugal force snd flows through the 
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diffuser ring, decreasing its velocity and increasing its pressure. 

The air pressurized by the lst stage compressor goes into the interstage 
casing to be streamlined by the guide vane, flowing into the 2nd stage, 
where the air pressure is further increased. Then it flows into the outlet 
elbow for flow regulation, finally being sent into the combustion chamber. 
(Figs. 4-32 and 33) 


28.8 Combustion Chember 


4.8.1 Construction 


4 


‚8.2 Combus tion 


4.8.3 Fuel Burner 


In this engine are provided seven combustion chambers between the compres- 


sors and turbine nozzle boxes. They are fitted around the intermediate 

casing at an angle of 7-1/2° against the main drive shaft and serve to 

permit smooth air flow and to reduce the overall length of the engine. 

The combustion chambers are numbered counterclockwise as viewed from the 

rear, with No. 1 chamber starting from one fitted to the inlet elbow located 

on the top on the right-hand side of the accessory gear box drive. 

Nos. 3 and T combustion chambers are provided vith igniter plugs. 

Each combustion chamber, bolted to a cast expansion chamber, is of a double 

wall construction having ап air casing and a flame tube inside. 

The fuel burner is attached to the expansion chamber to inject the fuel in- 

“о the center of the flame tube, 

At the time of engine start, Nos. 3 and T chamber igniter plugs are used to. 

ignite the engine. When ignited, flames are spread into each chamber by EN 
means of the interconnector tube. ` . 
The residual fuel, in the combusticn chamber, resulted from a failure of 

engine start, or fuel leaks from the burner, is removed from the drain valve 

on No. 2 chamber by means of the drain system. i 


The air flowing from the compressor into the expansion chamber is divided 
into two streams: one, about 20%, enters the flame tube and the other 
pesses through the gap between the flame tube and the air casing. 

The flame tube air flows through the swirl vane and surrounding flare, de- 
creasing its velocity to facilitate mixing of air and fuel. Here, the fuel 
burns and its gas temperature reaches вв high as 2,000°C, Тһе hot gas, 
however, is cooled to an appropriate temperature by the air coming in 
through holes around the fleme tube before reaching t the flame tube wall and 
the turbine. (Fig. 4-35) ; 


т- 


2 mw 


The turner atomizes the fuel and sends it into the flame tube, Fach 
combustion chamber is provided with a duple burner with a couple of nozzles 
so that satisfactory fuel combustion can be ensured throughout the engine 
operating range, | 

In the case of low fuel flow as in engine start, the fuel is injected from 
the primary nozzle at the center of the burner. With increase of fuel flow, 
the fuel is controlled inside the F.C.U. so fuel injection will be done 

also from tne main | nozzle. | 
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Around the nozzle is an air outlet, through which the eir is let out to 
prevent carbon from attaching to the nozzle. (Гір. 4-36) 


@ h.9 Turbine and Exhaust 
4.9.1 Construction 
The high-speed gas coming out from the combustion chamber flows through 
the seven discharge nozzles into the turbine. 
Most of the hot ges energy is converted into mechenical energy by the 
turbine, being transmitted to the engine main shaft to drive the propellers, 
compressors, and accessory unit. EE 
Residual ges energy, small in quantity, is ejected rearwards to be utilized 


as thrust. - | | E 
The turbine section consists of the following. - | 


4 


Hozzle box 

High pressure turbine (H.P. ) 

Intermediate pressure turbine (I.P, ) 

Low pressure turbine (Ъ.Р.) EE 
Exhaust unit | | 


М 9. 2 Nozzle Box 


те nozzle box has H.P., I.P., and Г.Р, nozzle guide vanes and discharge 
nozzles to deliver the gas from the combustion chamber to the turbine through 
the H.P. nozzle guide vanes. | 


BE N.G.V. .......... TO vanes БИЕ 
o | I.P. N.G.V. .......... 56 vanes nm 
B L.P. N.G.V. ао фоне 5c vanes ЕЕ 


The I.P, nozzle guide vanes are fitted with thermocouples. for the measure- 
ment of turbine ges temperature, 


1.9.3 Turbines 
Three turbine dises are attached to the turbine shaft assembly by 10 bolts. 
Around each disc are fitted vane-type blades at ә certain angle. Velocity 
and direction of the high- speed gas flow is changed by the blade es, producing 
thrust. | 
H.P, turbine .......... 131 blades 
I.P, turbine .......... ӨТ bledes 
L.P. turbine .......... T3 blades 


4.9.4 T.G.T. Indicator EE | M os ҚОРЫ 


For the measurement of engine gas temperature, vhe pyrometric system is 
employed. 

The pyrometric system is of such в design that its thermocouple is fixed 
in the end stage of tne turbine for the measurement of T.G.T. and the 
meesured value is indicated by an indicator in the cockpit. 
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The thermocouple is ал alurel (-) chromel (+) thermocouple assembled in 
magnetism, two pieces meking a sat. Six sets of the aiuzel-chroxei themo- 
couples are attached around the nozzle box, each connected in SIX. 

The T.C.T. indicator із a millivolt meter, which converts an electric signal 
sent from the thermocouple into temperature and indicates it by the cen- 


tigrade scale. 
The indicator is gredueteca Pron 60°C up to 1 ,009° С with 20-cegree intervals, 


and carries the following merking. 


Green arc 550°C to 620°C 
Yellow arc 629°C to 865°C 
Red .arc . 865°C to 890°C 
Red radial line 890°C , 


1.9.5 Exhaust Unit 


The exheust unit is bolted to the nozzle box. This unit serves to control 

exhaust gas flow in order to keep turbine tack pressure ав low as practi- 

cable. This function is very important for improving turbine efficiency. 

The exhaust unit is composed of two cylindrical cones, inner and outer, of 

heat-resisting steel plate. The gap between the inner end outer cones grows 
. wider as it goes rearwards, whereby back pressure is reduced. 

Gas ejected from ihe exhaust unit flews out after passing through the tail 


pipe. 
у. 10 Fuel Control байн p^ WT 
4.10.1 General 


The engine power is determined bs the air mass flow end the turbina entry 
gas temperature. This gas temperature is obtained by fuel combustion. 
The fuel system controls the fuel flow for the purpose of obtaining a sstis- 
factory fuei-air mixture throughout the engine operating range. 

The fuel system is employed ъс meet the озор requirements. 


Effective fuel etomizetion throughout the fuel flow 
range. ..... Burner 


Control of fuel supply by the pump to the quantity required 
by engines. 


Fuel flow change in proportion to throttle Shek: 

Fuel flow change in accordance with the intake air condition. 
Maximum fuel flow control to ensure engines power limitation. 
Iáling fue] flow control | 

Engine stop — MÀ € à cock. 


Engine overspeed control 
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The mein fuel flow Is regulated by the control system. 


The principle bs that the engine fuel pump output И 2djutted by 


a signal from the Flew Control Unit. 


The Flow Control Unit receives signals of tbrecile position and 


alr Intake рісізшге. 


Correct fuel flow Is thus mzincalned to tuit engine requirements. 


) DART FUEL SYSTEM — BASIC PRESENTATION 
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Fig 4 — 47 
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Fig 4 — 48 


The fuel system is, as shown in Fig. h-hh, made up of burner, fuel pump 

and flow control unit (Р.С.0.). Іп the flow control unit are built the 
throttle valve and hign-precsure cock. Besides, а fuel filter is fitted to 
trap small foreign substances present in the fuel; and the fuel heater 15 
adopted to prevent freezing of water contents in the fuel during cold weather. 


4.10.2 Fuel Atomization 


Fuel atomization is performed by the burner attached to the combustion 
chamber. This duple turner consists of the primary end main systems, and is 
controlled by the pressurizing valve of the flow control unit. The nozzle 

of the primary system is small and used for fuel injection at the time of 

low flow and low pressure as in the case of engine start, high altitude | 
operation and relighting. When the fuel flow has increased, the large nozzle 
of the main system is used for fuel injection, (Refer to Para. 5.8.3.) 


4.10.3 Fuel Pump 
(1) Function of Fuel Pump 


The low-pressure fuel from the fuel system of the fuselage passes 
through the fuel filter, entering the engine-driven fuel pump where it 
is pressurized. 

Тһе engine-driven H.P,pump has an engine-driven rotor fixed with seven 
spring-loaded plungers in contact with the circular cam plate. This 
cam plate cen change its inclination as the rotor rotates. 

Ву this inclination the fuel is pressurized anê sent toward the fuel 
flow control unit. As the pump is directly coupled to the engine, the 
fuel flow cen be changed also as the engine speed changes, however, it 
can be varied by the degree of inclination of this cem plate without 
changing the engine speed. The relation between the fue] flow and the 
engine speed at the time of maximum stroke is as shown in Fig. 4-5. 


(2) Pump Servo Mechanism 


In some speed range, the engine does not require such much fuel flov 

as in the case of maximum stroke. (Fig. 4-50) Accordingly the fuel 
pump is provided with servo mechanism for the individuai control of 
fuel flow irrespective of the engine speed. The cam plate inclination 
is varied to change the fuel flow by the servo piston of this servo 
mechanism. This servo piston is controlled by pump output end pressure 
difference from the servo zpill valve of the flow control unit. 


(Fig. 4-51) 
(3) Overspeed Control 


Tne Н.Р. pump has en everspeed governor, which controls the fuel flow 

to govern the engine overspeed. 

The governor is provided with a diaphragm which is designed to te con- 
trolled by the adjusteble spring and pressure induced by the centrifugal 
force in the pump. Namely, in the event of engine overspeeding, the 
fuel pressure by the centrifugal force overcomes the spring tension to 
operate the diaphragm, spilling the fuel on the servo sicde of the servo 
piston to reduce the fuel flow to lover tne engine speed. 
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For this purpose, the intake pressure cepsules are designed so ns not 
to increase the fuel flow even if the intake pressure exceeds 14.7 rsi. 


Idling Control by Throttle Valve 


The throttle valve is of such & make that, even in its fully closed 
position, it permits sufficient fuel flow necessary to maintain ground 
idling speed. 

Idling speeds, however, аге veried by various other factors. 


Atmospheric condition. 

Fuel trimmer position. 

Propeller load. | 

Accessory gear box load. d ; d 
Wind velocity. ° 


Engine Shut Down (Н.Р. Cock) 


When stopping the engine, close the H.P. cock to cut off the fuel 
flow to the burner, When the H.P, cock is closed, the fuel in the 
manifold up to the burner is drained by the drain system. 


Pressurizing Valve 


This valve is used to switch the fuel flow from the primary system to 
the mein system of the burner or vice verse. At a low speed and low 
fuel flow, the fuel pressure is not enough to push down the valve 
spring and accordingly the fuel flows to the primary burner nozzle 
only. When both the engine speed end the fuel: flow have increased, 


. the fuel pressure exceeds а prescribed value, overcoming spring force. 


Thus the fuel flows elso from the main burner nozzle, 


4,10, 5 Fuel Controlling 


The fuel is controlled by the following pr rocedure. 


(1) 


‚ (2) 


Prior to Engine Start 


When the engines are not running, the spring in the system has expended 
fully, Accordingly, 


Pump КОЛОННА Max. stroke 
Governor spill valve ........... Close 

` Servo spill valve »............. Close 
Pressurizing Velve ............, Close 
Н.Р. cock and throttles ........ Close 


Engine Start 


when engine is started: 


Engines start running. 


Open the H,P, cock. (et 1 ‚200 to 1,500 rpm) 
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Load on tne. Spill valve lever decreases 2 the spill vaive is roved 

towerc COSE by the сспогс1і piston ssserbiy. 

Áccorüirzly the pump stroke Seccmes longer, incr#assing the fuel flov, 

Tae increese of fuel flow passing tnrcuzb the throttle valve increases 

the differentiai pressure detween both sides of the throttle valle; and 
li + 


Ñ+. 
ы 
the system is stebi в new fuel flow. 


This state continues until the sir intake pressure reaches 1 


ее 
— 
Li 4 
du 
ња 
e 


(6) Engine Shut Down 


“With the engines idiing, close tne Н.Р. cock to shut cf? fuel supply. 
Thus com>usticn stcps and engine speed drop results. 

During а. pericd from idling to stop, the output flow from the fuel purp 
returns turcugh e hole in the Н.Р. cock in order to prevent fuel pre- 
ssure increase. The burner manifold is connected to the drsin side by 
а cut-awey made in the H.P, cock. 


4.10.6 Fuel Hester 


If water in the fuel is frozen, the І.Р. fuel filter cf the fuel flow con- 
trol unit mey be blocked, edversely affecting the engines. In order to pre- 
vent this defect, the fue] filter de-icing unit is employed. The Muel heater 
is located at the inlet of tne І.Р. fuel filter and utilizes hot air from 
эн, end-stage compressor. The hot air flows through the hot sir gate valve, 
esching the reat exchanger in the fuel line before the filter. 
Shoula icing have occurred, « cifference of fuel pressures between the fore 
and aft of the filter is sensed by the differential pressure switch, =e the 
warning ligit in the cockpit comes on. In the cockpit is the fuel heater 
Switch. When the switch is turned "ON," the hot air gate valve is ope med t 
send the hoi sir from the compressor to the hester. The heater switch has 


O 


"AUTO" positicn, wherein the hot air gate valve is 3 MAMMA cpened by 
the differential pressure switch wien the differentiel pressure exceeds 2 
251. 


neater, tne 


As the hot air is en frcm the compressor by using tne fuel 
f total power at the 


take 
engine power Gecresse slightly. Tre loss is about h% 
engine speed end Т.З.Т, at the time. 


4.31 Watér/Methanca System 


4.11.1 General нб. 
The duty of $555 system is to inject the water/methenol 22110, its fiow 
being controlled by the wster/methenol control unit, into the lst-stace 
compressor of the engine, апа also tc measure the increment of engine poner 
by utilizing the.incresse or mess flow Бу wster/methanol evaporation зле the 


effect of burming the methanol in the combustion systen, 

The mixing ratio of water to methancl is 63+1 percent to 27 +15 
In this engine (Dart 10-1), the use of water/methenol mixture < 
only to maintsin the engine take-off power in the 7.5.4, coh ESL On but else 


+4 we 


сд 


to boost up the pover enc maintain it at sll air Leg 
Nemely, the weter/meticnol systen is used t5 maintain the 
the altitude cf 10,C90 feet or less anc at the out 
-20°C up tc +30°C 1.5.А. ge * 
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4,12 Starling System 


1.12.1 General 


To start the engine frem the standstill condition, 
- Drive the engine shaft by the starter motor, Uy opereting the clutch 
and the ratchet engaging mechanism to make air flow. 


- Supply the fuel by means of the fuel pump controlled by F.C.U., anc 
seven burners. | 

~ Energize Nos. 3 and 7 combustion chamber ignition plugs to start 
combustion by means of two high energy igniter units. 


The above requirements are satisfied by the starting system; in addition, 
however, the following items must be taken into account. 


Engine start end ignition are automatically done simultaneously Бу 
the proper use of switches in the cockpit. 


It is possible to perform "BLOW-OUT," that is, just turn the engine only 
without combustion. 


- For engine relighting in flight, ignition oniy takes place by rears oi 
Ба relight switch, | 


` The starter system is provi ded with a circuit for preventing unnece 
starter motor revolution and the crash engagement of ire starter mo 
engaging mechanism. | 2 

Engine start requires the electric current of about 2,000А at maximu 
accordingly both engines must be started by a ground power. As а 
of the sterting system of Ү5-11, nickel-cadmium batteries are mcun 
the internal power source on the aircraft. By these internal batte 
engine can be started. The electrical circuit of this starting sys 
its own bus; and therefore any fault, if any, іп this system will rev 
uffect cther systems. Particularly, since the starter motor employed is cf 
a large capacity, there may take place few the possibility of false star 
such as "hung start". is remote, In addition, the system has an enti-crash 
relay whereby engines can be protected from a damage caused by erratic 


engine start operation. 


4.12.2 Starter Motor 


The sterter motor is а l-pole compound wound LUV motor having a серасііу 

of about 17.5 BHF, This motor is attached өп the right-band side cr the | 
engine air intuke casing. Since it has been so doslgned2 es to chtain 
starting speed quickly by such a smal) power, a Jougtime nontinusus operas 
tion should be uvaided. 

The starter motor power ів transmitted to the engines through ihe гї: 
disc clutch assembly and the slarter driven bevel pear, Uia раіс зге 
pushed by pawl springs uruainst the bevel peor ond the drive power іс t 
mitted to the fiphespecd pinion through езе рәм15. 
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The overspeed govern r functions also es a relief valve to prevent "hb: 
excessive increase o. system fuel pressure. The Spill vulve roener nait of 
the overspeed governi ~ is pushed by в spring; and accordingly when the fuel 
pressure supplied by be pump hes increased excessively, lower it tu the pre-e 
determined maximum value (stall pressure) and open the spill valve to actu- 
ate the servo piston to reduce the pump stroke. | 


4.10.4 Fuel Flow Control Unit (F.C.U.) 
(1) Pressure Drop Control Piston and Throttle 


The spill valve inside the fuel flow control unit operates in accordance 
with throttle movement, chauging the quantity of fuel to be Surplied by 
the pump. 

This spill valve serves to maintain fuel flow in proportion to the 
throttle position by means of the pressure drop control piston which is 
moved by the fuel pressure on both sides of the throttle valve. When 
the fuei flow is kept steady without moving the throttle lever, a 
difference in fuel Pressure between both sides of the control pisten 

is balanced agsinst the spring force, automatically controlling the 
pump servo piston to obtein an adequate purp stroke, i.e., proper fuel 
flow. 


(2) Fuel Datum (Fuel trimmer) 


Fuel trimmer also functions to select a new fuel flow by changing the 
throttle valve position in the fuel flow control unit. The operation 
of this device is as described earlier. That is, the throttle valve 
is орегефеа either by the throttle lever or by the fuel trimmer. 


(3) Intake Pressure Capsule or Intake Air 


fs the eltitude increases, the quantity of fuel required by the engines 
decreases even if the throttle position remains the same, Accordingly 
the servo spill valve of the fuel flow control unit senses the variation 
of altitude by means of the capsule assembly designed to be changed by 
the engine air inteke pressure, and sterts to operate. 

The capsule assembly consists of vacuum and inteke air pressure sensing 
capsules. (Fig. 4-52) When the altitude hes іпсгезсей and the air 
intake pressure has dropped, the capsules are unbslanced, moving the 
spill valve lever. By this operation the contrcl piston spring is com- 
pressed send the fuel pressure necessary Tor opening the spill valve 
decreases, 

Thus, the spill valve is opened wider and the pump stroke decreases, 

The throttle valve pressure drop also decreases to the pcint where the 
control piston is balane#d. The fuel flow is stabilized at the value 
proportional to air flow decrease resulted from intake pressure decrease 
(increese of aliitude) as stated above, 


(h) Power Limitation 
Contrery to (3), as intake air pressure increases, the fuel flew also 


inercases. However, engine power must te limited telaw І,5.А, sea 
level condition во that its rating will never be exceeded, 
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(3) 


Engines are ignited; end as engine apeed incrvests, the fers flow 
also.increases. 

The control piston senses prezsure difference between both sices of 
the throttle valve, 

With the pressurizing valve kept closed, the fuel is ejected fron the 
primary nozzle only. 


* 


With a Further increase in both pump speed end fuel flow: 


The pressure difference on both sides of the throttle valve approeches 
a fixed value, | | ü 

When the pressure difference exceeds the fixed value, the control 
piston is moved by the pressure on the pump output side and the servo 
Spill valve is opened, moving the servo piston to decrease pump stroke. 
Thus, the fuel flow comes to be stabilized at a point where the dif- 


ferential pressure between both sides of the throttle velve is kept 
constant. 


Acceleration 


In Fig. 4-5h, 


When the throttle lever is moved from (A) position toward OPEN, the 
differential pressure between both sides of the throttle valve Grops 
and the control piston is moved to close the servo valve. Thus, 


` both рышр stroke and fuel flow increase, reaching (B) position. Іп 


(4) 


(5) 


this position, the differential pressure of the throttle valve in- 
crease ог the fuel flow; thus the engine speed, і.е., the pump speed 
increases resulting in в further increase of the difYerential pressure 
up to (€) position, where the pressre difference is stebilized et a 
fixed value. Thereafter, pump stroke gradually decreases end the fuel 


flow is stabilized at в point corresponding to the selected throttle 


position, the speeds reaching the desired value. (D) 


Actuelly, however, as propellers are provided, the procedure is not 
as described ebove but follows the sequence of (A)-(E)-(D) ty smooth 
throttle operetion. 


Climb to Altitude 


As the aircraft climbs, the air intske pressure decreeses, and 

the evacuated capsule inside the intake pressure cepsule expands to 
open the spill valve. 

The pump servo piston moves to decrease pump strcke end &ccordingly 
the pump fuel decreases to reduce fuel flow. 

When the fuel flow passing through the throttle valve decreases, the 
differential pressure also decreases, | 

When capsule movement has changed the spring lead of the control 
piston end consequently decreased the pressure difference, the system 
is stabilized at a new differential pressure (lower then before), 
Nemely, obtained 1s a fuel flow proportionei to the eir intake pressure, 


Airspeea Increase 


When the airspeed is incrensed in the same atmospheric condition, ran 
pressure increeses, resulting іп the expanded eir intake capsule, 
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To operate the water/nebhuncal Cuir, баги netu the teva pou, 5625. 01 1 

the shut-off switch of tho water/wethanel feed ыла “UN rd 55. ии 

methanol control unit controls and injects the ures. D co nity of woter/ 

methaencl mixture nutcmatically buen prescribed Tat lep to аге ret, | 
.h.11.2 W/M Peed System 

WIM Tank 

The synthetic rucber bladder type tanl is installed vetween tie spare of 

the left-hand main wing, near the fuselage. Its maximum capacity is 110 

U.S, galions. The quantity of the vater/methanci nixture in the tank is 

indicated by the W/E quentity indicster in tne cockpit. 

W/M Booster Pump ) ; 

Inside the water/methanol tank are always immersed the türee centrifugal 

pumps. These pumps ere designed to be operated by means of one рать switch 


from the cockpit. 


Shut-cff Valve 
Both the rigs% 
so designed es to be operated 


enc left shut-off valves are motor-driven 
separately by means of the 


velves, which ere 
weter/rethanci 


mester switch. The duty of this valve is to control the fiow ог waver 
methanol mixture from the booster pump into the water/methanol cortror 
unit. However, the shut-off valve is provided to operate only when the 
water/methenci switch is "ON" and the fuel Н.Р. ooch lever is in "FUVEL ОП" 
position. For the purpose of indicating that the shut-off valve is среп 
and the proper quantity of weter/methanol mixture is being forced inveriatiy 
into the water/methancl control unit, the indicator lignt is Proviced. 
1.21.3 W/M Contrci Unit . 
The weter/methenol control unit sends W/M to engine, controlling в valve 
which is opereted by servo system utilizing engine oll es а metnod of 
operation. The servo system pressure, і.е., the valve opening is ccntrcllea 
by both the engine Dower from the torquemeter system and the conirc?* systern 
which senses the outside air temperature end alvituce су the capsule zsserbly. 
The weter/metnanol unit is connec ted to the throttie lever end so aesisnec 
as to supply the water/methenol mixture only when the engine speed hes 
exceeded about 14,800 rpm. (Fig. 4-64) 
The water/methenol mixture coming out from the wat erfmethancl centrol unit 
is centrifug2lly áelivereG into the compressor from the rotating Буде 
vanes of the first-stege compressor. 
h.11.h Operation 
Pricr to take-off, turn “OR” born the vater/methanol booster pump switch 
and the water /1 pethasncl таб LE | switch. i the b 301 15 normal са iit 
water/methenci mixture 28 pres surized, еле indicator lign: comes on. 
Water/rethenol is so prepa red as to be usable ах апу ise. B o. f 
Move the throttle lever up to Don rpm or higher, ang the oi coox 118168 
the unit is ceutomaticelly opened, the піап-гттегсігт ngine Ola TET ALN The 
servo controi valve. 
r 
1. 
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The servo valve opens to permit the flow of the engine oil, which then 
overccmes the spring force to push down the servo piston, cpening “пе 
water/methanol metering valve connected to this piston. The oil coming 
through the servo control valve to the servo cylinder serves to prevent 

the occurrence of hunting by restriction. The servo control valve controls 
the engine oil pressure in accordance with а farce acting on the capsule 
assembly. The torquemeter pressure is transmitted to the cepsule stem 
through the piston and the pusn-rod, moving the servo valve toward "CLOSE." 
Spring load corresponding to this pressure also works to oren the servo 
valve through the push-rod. “he pressure and spring load ere balanced when 
the engine torque pressure has reached the selected value. 

The capsule assembly consists of two capsules: one contains vacuwı inside 
while the other takes in the atmospheric pressure. These capsules work to 
close the servo controi valve when the atmospheric pressure has decreased, 
so that T/O power will be calibrated to a value by altitude. The engine 
wet power decreases as the altitude increases, 

То cut off the supply of water/methanol mixture after take-off, move the 
throttle lever to a speed Jess than 14,800 rpm., end the water/methenol 
supply is eutomatically shut off. The injection of water/methanol mixture 
ean be cut off also by turning off the water/methanol master switch, which, 
however, is aliowed to be used strictly іп ап emergency because it may have 
a bad influence on the engines. Also frcm the same reason, the use of the 
wster/methanol mixture must bo determined at the engine speed over 14,500 
rpm and the master switch must not be turned on. ` 


т 


E = - B е ^ 


.11.5 Engine Eleed Air Purge Valve А 
The engine bleed air is taken from the 2п0-зіаде compressor outlet. This 
bleed air is used for varicus purposes such as: sup-power for pressure  . 
control or the air-conditioning system, for the reservoir of the hydreulic 
system, and for cooling the DC generator, Accordingly if the water/methenol 
mixture is supplied, the air containing weter/methenol is supplied es the 
bleed air to these eouipment, resuiting in corrosion. Consequently when 
water/methanol injection is dene, the bleed air should be shut off; and even 
after injection, water/methancl remeining in the pipe must be discharged 
outboard end only the cleen air is delivered to these equipment through the 
bleed air line. For this purpose, the purge valve is instailed in the bieed 
air line. | 

This purge valve is so designed as to be opereted by the water/methanol 
master switch in connection with the shut-off valve. (Fig. 4-65) 

When the master/methenol switch is turned "OR P 


Shut-off valve opens, and then 
Purge valve is closed. e 


When the water/methanol switch is turned "OFF," 


. Shut-off valve is closed, and inen 
Purge valve is opened. xi 


When the purge valve is opened, the valve is open to the puree side; and 
therefore the bleed eir in the eir liue from the compressor out]et to the 
purge valve is let out inte the air. Wnen it has been fully opened, the 
bleed air is cleen. i 
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EXTERNAL POWER STARTS - YS-11A 


External Power Starts оп the ҮЅ-11А require more power than our 
external power units can put out. The following procedure will 


aid in getting a better start and will not require the use of 
2000 ampere units. 


If the external power unit is 1000 amps ar above (vellow flag) 


1. Plug in external power and check that external power 
unit voltage is proper 28.5 volts + .5 volt. 


2, Place the battery switch on the overhead panel to "Battery" 
position. 


3. Place the Engine Select switch to the OFF position. 
4. Place the starter master switch to start. 
A 
5. Тһе batteries are now being charged from external power. 
6. When you are ready to start engines place the engine select 
switch to the desired engine and push the start switch. 
The batteries and external power will start the engine. 


If the external power unit is less than 1000 amps (Red flag) 


l. Plug in external power and check that external power unit 
voltage is proper 28,5 volts + .5 volt. 


2. Place the battery switch on the overhead panel to "Battery" 
position. 


3. Place the Engine Select switch to the OFF position. 

4. Place the starter master switch to start. 

5. The batteries are now being charged from external power. 

6, When you are ready to start the engines place the starter 
master switch to SAFE and have external power disconnected 
and removed. 


7. Proceed with the normal battery start. 


Inverters can be left on during battery charging if desired. 
Inverters should be OFF when making 2 battery start. 
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TYPICAL STARTER | CIRCUIT 
Fig. 4-68 


When the engines neve reached their self-suztzi Wing 500272, the "4.0 NATI 
disengag?a by vir-ue Of centrifugal force. The сүле тыс of ue short 
rotor to the engine shaft is 2 to 1. (Fig. 464) 
5.12.3 Hien сеты’ Ignition Unit 
+ 1, ал ml- `, = =, = ұш — = ы 4 + - 2 * ^ 
On she ee st eur р nel Oi theo Chngire ауа тт ба Wide Паһ WM сіру 
lgnivlon wits, wnicn sucply а high-cvenrsion slater ¬ елегру to the igniter 
DOM = ^ Aus + ہر ل‎ . а А | 

Plugs of Nos. 3 ened T combustion chambers. Tre cischarging frequency сі 

these PEnivion wives 18 comparatively smell, about 60 tines rer minute; 

but a tremendously great energy is di charged. 
h.12.h Construction of Starter System | 

The starter svat "с w ECK 3 = Ч IE ` = A - = - 

- yS =m їз Cperatec remotely Trom the cockpit Lv teens сі the 

following switches 

Starter button 

Master svitch 

Engine sélectar switch | _ - 

Air relight switches (two) 
otarter Button: 
The died button із so designed that, once depresse, it is automatically 

Li Th = — бт ” L] ғ L ` 

held Ой by means ST the hoid-in coil; and when engine start has teen 

completed, it entomatically turns "OFF" to interrupt the circuit. This 

button i£ used for engine start ard blow-out cperation. 

Mester Switch: | 

The mester swit 2h han three positiors: SAFE, START, ала BLOW-OUT, 

-- по AFET миле” ў = the aot ymt e +. £ rl 1 д — + > n: - "E 

о in pos2icicm, 2 štarter сігсшішс is Orb; апі ассогділгіу the 
starter will mot start ever if the starter button is Zepressea. 
= " = н - + 2 ` H ` ` - 

o In "START PH, the sterter motor ang the ignition circuii ere 
energized віггісалеоозіу if the starter button is depressed, sierting 
engine. ` 

" Hi. I = . لد‎ о - 

о In "BLOW-OUT' position, the starter motor only is overated if the 
starter bution 15 cevressed. 

This switch іс used for selecting an engine for stuart. With this switch 

in "OFF" position, the starter metor Will not run if other zwitzhe ar? 

turned "CN," 

To run the encres, these three Switches түсе) Dë орого, 

June /6€ . s 
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Air Relirht Switch: 


To restart tne engines in the oir, the starter motor mist be ured. In this 
case, the ignition system of the starter circuit cen not ve used; ana 
accordingly air relight switches are provided one Гог езсп engine, so “hat 
the ignition system рых be used irrespective of the starter cysten. 

This eir relight switch is elso usable for other purposes. ' 

Beside the cockpit switches, the automatic control system incorperating 
relays аге used for the operation of the starter system. 


Overspced Relav: 


The purpose of this overspeed relay is to prevent the starter motor from 
running when not required after completion of engine start. The relay 
senses the electric current flowing to the starter moter and, when engines 
have reached their self-sustaining speed and the current has decreased to 
less than 150A, the starter circuit is opened. 

The relay operates at the engine sveed of about 4,500 rpm. 


Safety Reley f Anti-erssh Relay): 


The duty of this safety relay is to prevent the occurrence of a trouble 
with tne starter energizing mechenism. | 
This relay is providee to break the starting circuit even if the starter 
button is kept depressed when the overspeed re lay 1s actuated due to an 
increase in engine speed, 


1.12.5 Starter Control Timar 


At the beginning of engine stert, а tremendously great power flows into the 
starter. In order to restrict this current for the purpose of limiting 

the length of starter operating time, the starter control timer is trovided. 
The timer consists of a motor, two microswitches, clutch and spring. 


Contact A: Operates 620.5 seconds efter engine start to actuate the 
starter resistcr relay, releasing the resistor which limits 
the initisl great current, 


+3 
Contact В: Operates 30 ( seconds after engine start, interrupting 
the holding circuit of the starter button. 


Tnanks to this starter control timer, tne starter button is eutomzmaticelly: 
released 30 seconds after engine start, interrupting the starter circuit. 
Also, when the engine speed exceecs about 4,500 rpm., the overspeed relay 
works automatically to break the starter circuit. Accordingly provided 

the starter button is not released after 30 seconds of engine start ог 

when the engine speed has exceeded 4,500 rpm., menuelly release the starter 
button or open the starter circuit after turning off both the master switch 
and selector. 


1.12.6 Sterter System Operetion 


When starting the engines, make sure of the following items. 
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Engine oil tomnperuture: external power subLply Over -32. 
Internal power сори у OTe a 


Voltage: Lxternai power supply 28V А 
Interna! power supply aly 


As for the aircraft, the following should be observed. 


Propellers: Ground fine pitch (0°) 
Propellers ere not roteting. 
Propeller bree switch is OFF. 


4.13 Power Control Unit 
4.13.1 General 
The power control unit consists of the following three systems. 


Throttle control system 
Fuel trim control system. 
H.P. cock control system 


On the cockpit pedestal are arranged throttle lever, H.P. cock lever and 
fuel trim switch, whereby the above three systems are operated. These 
levers end switch зге mutually interconnected and elso have ecnnectica 
with both the low stop lever апд gust lock lever. 


1.13.2 Throttle Control 
Fuel flow control and rpm control are performed by means of а si 
lever which is mechanically interconnected with the control syst 
cerned. Water/methancl injection also can be controlled by m 
throttle lever. The principle of its mechenism is shown in Fig. L-71. 


4l. 


ie throttle- 


4.13.3 Fuel Trim Control 


For the purpose of decreasing the Tuel flow in accordance with а 
perature rise, the fuel trimmer is provided, which changes the fuel 

only, without verying the engine speed, by restricting the throtile velve 
opening of the fuel flow control unit. 


- 


4.13.4 H.P, Cock Control 


The H.P, cock control is used to control the nich-pressure fuel flew 
inside the fuel flow control unit. This is connected to the propel 
control unit end used also as a propeller feathering selector Eë в pro- 
peller high stop withdrawal (Lock Out.) selector. 

For this purpose, the H,P.C. lever at the pedestal has the following four 
positions. 


LOCK-OUT (HIGH STOP WITHDRAWAL) 
FUEL ON 

FUEL OFF 

FEATEER 
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In LOCK-OUT position, the F.C.U. cock remains in FUEL бр position ond, in 
FEATHER position, remains in FUEL OFF, 


MEE Relation among Gust Lock and Low Stop and throttles 


In order to lock the control surfaces of the aircraft, tne gust lock lever 
is provided in the cockpit. This lever is mechanically connected to 
throttle levers and iow stop lever tu avoid take-off with the gust lock 
applied. 


(1). When the gust lock is "ОМ," both throttle levers can not simultaneously 
be moved forward to MAX POWER position. 


(2) When the gust lock is "ON," the low stop lever can not be moved from 
"GROUND" position to "PLIGHT" position. 
Also, when the low stop is in FLIGHT" position, the gust lock cen 
not be applied. i 


(3) When the gust lock is "OFF," both throttle levers are movable simui- 
teneously forward to MAX POWER position, 
The low stop lever also can be placed in "FLIGHT" position. Further- 
more, if the throttle levers are moved forward to MAX, the low stop 
lever automatically comes to "FLIGHT" position, However, once the iow 
stop lever is placed in "FLIGHT," the low stop lever can “not go into 
"GROUND" position automatically even when the throttle levers have been 
moved back. 


4.13.6 Engine Tachometer (Fig. 4-84) 


In order to show the engine speed, each engine is fitted with a tachometer. 
The tachometer system includes a generator and an indicator. The techometer 
generator 1s a 3-phase AC generator ettached to the gear box, and functions 
to produce the electric volteges proporticnal to the engine speeds, indica- 
ting the voltage frequency by the indicator, 

The indicator has two pointers: long and short ones. The long pointer is 
for the 100 rpm scale while the short pointer for the 1,000 rpm scale. 

The indicator is provided with a green arc between 8,000 to 15,000 rpm end 

a red radial line at 15,050 ron. 
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1.15 Fxhaust System 


4.15.1 General (Fig. 86) 


The duty of the exhaust system is to send the het exhaust air from the engine 
turbine through the exhaust pipe апа discharge to the rear of the nacelle 
over the upper surface of the mein wing. 

The exhaust pipe consists of oxhzust cone shroud, det pipe, blanket, and 

jet pipe shroud. At the front end, the exhaust cone shroud is bolted to 

the aircraft fire wall while at the rear it is supported at a point where 

the support fitted to the jet pipe can be freely movable to allow for 

thermal expansion. Тһе exhaust cone shroud із attached to the jet pipe 
shroud outside at the rear end and to the jet pipe inside each by means of 
the flexible joint. | ‚ 
Both the right апа left exhaust pipes are identical and only the rear support 
attachments are asymmetrical. 

The exhaust cone shroud is surrounding the engine exhaust unit; and for the 
effective cooling of Zone 2, the cooling air for Zone 2 is introduced through 
the gap between the shroud snd the exhaust unit to the деф pipe by virtue 

of the venturi effect of the exhaust gas flowing from the exhaust unit into 
the jet pipe. The jet pipe is covered with blenket and furtner with the 
shroud to prevent overheating the surrounding structure. 

The cooling air coming from the air intake located in the side of the nacelle 
flows through the inlet in the exhaust cone shroud and discharged from the 
rear end after passing through between the blanket and the jet pipe shroud. 
For the purpose of preventing the reverse flow of the exheust gas from the 
jet pipe into the nacelle, the gap between the exhaust pipe and the nacelle 
structure is sealed by Sealing cloth at the rear end of the nacelle. 


9:. Exhaust Cone Shroud (Fig. 5-88) BEEN ki 


The exhaust cone shroud is of a seam welded construction of 0.032 in.-thick 
347 corrosion resistant steel, measuring jäizen in length, 635mm in dia- 
meter at the front end 600mm in diameter at the rear, The rear half portion 
is of a double ccaxial construction, to which the cooling air from the sir 
intake in the nacelle side is introduced, 


The jet pipe is a seam welded construction of 0.032 in. thick 247 corrosion 
resistant steel, measuring 119 Лим in inside diameter and 3,500mm in length. 
Jt has & curved portion along the coniour of the upper surface of the main 


wing. | 7. 
4.15.4 Blanket (Fig. 4-90) 


The blenket, 0.5 in. thick, is an adiabatic material covered with corrosion 

resistant steel leaves. The adiabatic material, which is made of lamineted 

refresil fibrous silica, is very light in weight and so highly resistant 

to high temperatures up to 1.000%С that it is best suited for use as а neat 

end electric insulator es well. The stainless steel sheets, 0.003 in. thick 
outside and 0,00h in. thick inside, еге corrugated for strength end free 
expansion and Shrinkage, with its edges welded for the prevention of in 


of water, fuel, etc. 
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Also Yor Ше purpose o7 elimivating pressure Cifver pee boli. or the incide 
end outside or the blanket likely to be znoouuv.cereàd oft the time ci engi te 
Start and by change of oberaving conditicns, the Ulmiket is provided with 
breather holes esch fitted with а screcr то prevent tne ingress cf liquid. 

D The blanket is divided into four ріссев to the shapes of toe jet rine, euch 
piece being separated into upper ала lower perts, 


4.15.5 Jet Pipe Shroud (Fig. 0-89 


The jet pipe shroud is made up of bolt-jointed 0.925 inch thick 2023-11 seam 

welded pipes measuring 47Gmm in Inside diameter, It is divided into three 

parts, | 

On the lower surface of the lover part of the curved portion, the drain 

connection is provided at the jet pipe drain hole. The fuel drained into 

the Jet pipe is led from here to the drain box inside the nacelle. 

The intermediate portion is divided into two parts, right and left, with 
their upper and lower flanges fixed with bolts. 

At two points, front and rear, cf the upper flange are trunnions for hoist- 

ing exhaust pipe for its removal and installation, 


4.16, Ice Protection System 


4.16.1 General 


fir intake, propeller, end spinner are provided with electrical ice protec- 
tien system. The propeller and spinner ice protection system is described 
later, н | 

Heaters for propellers, spinners and air irtskes ere supplied with electric 
power intermittently. The length of time for power supply may vary fron 
"SLOW" to "PAST" or vice verse by means of the cockpit switch. 

The fore part of the air intake is continucusly supplied with the electri- 
city, | 

The power utilized by the ice protection heaters is the wild frequency 47 
power obtained from the elternator. In order to prevent coverheetirg the 
heaters on the ground, the electric voltage can be lowered when the low 
stop lever is in "GROUND" position. 


4.16.2 Operation 


When using the de-icer, turn on the alternator switch end then the бе-ісіпе 
master switch. Subsequently set tne cycling speed selector switch to 
"FAST" or "SLOW." | 

In "FAST" position, the de-icing cycle is 80 seccnas. 


О to 2O0 sec. ..... Air intake side heater ON 
20 to №0 sec, .,... Propeller and spinner ON 


МО to 80 sec. ..... All intermittent currents CFF 
Air intske front side oniy. 


з 210 seconds, 


[ШЕТ 


In "SLOW position, the de-icing cycle 


= 


т 


О то 60 sec, 
60 to 120 сес. 
120 to 210 sec. 
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L.1 Cooling ond Ventileticn Systems 


4.18.1 General (Fig. 4-85) 


[ 


In this paragraph н description is given on the cooling and ventilation 
Systems for the engine secticn and the gear box section, 

The engine and geer box sections are equipped with the cooling and ven- 
tilation systems for the cooling of their main end accessory units end the 
ventilation of their zones. 

The nacelle section is divided into the following four zones from the view- 
point of fire protection. 


Zone 1: Тһе fore ‘part of the engine, ranging from the rear 
of the engine nose covling up to the engine fire wall. 


Zone 2: The hot part of the engine including combustion chambers 
and turbine, extending to the aft of the aircraft fire 
wall, The interior of the exhaust pipe also is inciuded 
in Zone 2. 


Zone 3: The nacelle section located to the aft of the aircraft 
fire wall, being divided into two part - Zone 3 Upper 
and Zone 3 Lower. These two parts are separated by the 
Shear panel and main wing structure. | 


Zone N; Accessory drive geer box zone situated to the fore, 
upper part of Zone 3 Upper end separated from Zone 3 
Lower by an aluminium alloy bulkhead. 


The cooling air for Zone 1 enters from the air inteke*scoops located one on 
the front, lower pert of either panel of the cowling.’ | 

After cooling and ventilsting Zone 1, the eir is discharged from the engine 
oil cooler outlet port situated on the upper pene] of the cowlinz. 

In Zone 2, seven air intakes ere provided in the cowling. 

Two air inteke scoops are in the right and left side panels of the cowling, 
another two in the upper cowling; and one louver type air intske in the 
rear of the upper cowling. 

After cooling the heated engines, the air fron the air inteke flows into 
the jet pipe through the annular gap between the exhaust unit and the 
exhaust cone shroud, being cischarged together with the engine exhaust. 

The air intake scoop located on.the upper penel hes been so arranged as to 
provide the cooling air to cool the universal joints before and after the 
gear box drive shaft, 

The louver type air intake is so designed that the air is taken in ang the 
warmed air is let out from it in order to accelerete the cooling cf the 
turbine section after the engines shut down. 

The cooling air for Zone № enters from the two sir inteke ѕсоор= located to 
the fore of the gear box top cover, end after cooling the gear tox and ils 
accessories, is діссһегдей from the louver iype outlet situated to the aft 
cf the gear box top cover. 

Zone 3 Lover is ventilated by the air tanen in from the air intene scoop оп 
the right, front, lower side of the nacelle, after cooling the alternator 
eontrol unit. The air is then let out from the louver type outlet loceted ` 
on the right of the nacelle, near the lower Surface oi the main wing. 
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The operating conditicn of tne de-icer system cen be seen by menus of the 
&lternstor ammeter and the inJicutor ligal. 

The red de-ice feil lirht indicates system failure, the orange timer fail 
light indicates the presence cf ú trouble with a cyclic timer switen end 
power supply. 

The selection of cyclic switch іс as follows. 


Outside air temperature True -15°C or higher ...... “FAST” 
(Indication -10°C) 


Outside air tempereture True -15°C or lower ...... "SLOW" 
. Tndication -10°C) 


Тһе de-icer cf the aircraft is provided to prevent icing, not to remove ісе; 
and accordingly the system must be used any time when the outside air ten- 


perature is below %109С by reading and the presence of water contents is 
recognized. Refer to Chapter 12 ANTI-ICING SYSTEM. 


4.17 Accessory Gear Box 


h.11.1 General 


Various engine accessories are fitted on the gear box. 
The gear box is installed in the gear box chamber immediately above the ex- 
haust pipe, to the aft of the aircraft fire wall, in each engine nacelle. 
The gear box is driven by engine power through the drive shaft located above 
the engine. 

The drive shaft has two universal joints and rotates 6.344 D time the engine 


o speed, being cepable of trensmitting the torque of about 2,000 lbs.-in. 


4.17.2 Accessories 


The gear box is ecuippez with the following accessories. 


12kW DC generator Speed ratio to gear box 1.6448 
ЗОКУА alternator | 1.758 
Hydreulic pump 0.77 
Cabin air compressor . | 2.333 
Synchronizer aiternator EE 1.0TT 
Tachometer generator . s 0.725 


Tne left-hand gear box is fitted, beside these, with the propeller brake. 


Propeller brake . Speed ratio to gear box 1.071 


4.17.3 Geer Box Lubrication 


The oil system of the gear box is вп individual system consisting of cil 
reservoir, oll pump, filler, dipsticz, and drain relief velve, | 
Oil quantity inside the gear box iz «bout 5 pints. The oil level c 
checked by using tne dipstick througü the access Goor mace іп the gear box 
top. 


June /65 


Page 120 


` “ ... 


For the gesr box oll system, no indicating system is installed in the cockpit. 
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4.18.1 


Fire Protecticn System 


General 


The engine is provided with a fire detector whereby tne pilot can attert 
а fire; and a fire-extinguisner system; and on overhrat detecting £72 
whereby the pilot can find engine overheating. 


4.18.2 Fire Detector System 


The fire detector system consists of tne engine 
around the engine, warning light and warning pell, 

The fire wire elements ere wire elements installed throughout zene 
Zone d of tne engine and is called the feult-free fire cetector, 
any abnormal temperature rise is detected py these fire elements, 
trol unit is actuated, the fire warning light (red) in the cockpit 
on and the werning bell being rung for warnings of a fire. 

Each element is cf such a make that conductors ere coaxially ins 
small-diameter stainless steel tube, Between the tube inner wal 
conductors is filled a filler for insulation. Namely the filler serves Ss 
a condenser, 


=r 
^ 
-L 


The electric charge accumulated in this condenser is great at 2 hi ten- 
perature and smali at г low temperature. The breakout of a fire can te 
detected by utilizing this property. 

When an engine fire is detected, the fire warning light in tne coczpit ceres 
on and the bell rings. The warning light is provided, опе each for 1572г 
engine. To check to see if the system works properly, déprese the tor of 
the light. The warning bell is so designed ss to te $1]епсес when réezuirss 
by means of a bell cut switch. k 


4.18.3 Engine Overheat Detector 


To detect the overheating of the engine gear box апі of the ambien: 


ture of the engine, overhest detectors are instelled on е 5. 
When the thermostat of the detector detects tempersture rise above 15025, 


the overheat warning light in the cockpit comes оп. 

Also Гог indicating an ebnormel rise of the engine turbine disce coclirz air 
temperature, the cooling air overheat detector is used, When t i 

air temperature has exceeded 350°C, the detectcr is actuated to 
overheat warning light in the cockpit. 

The overheat detectors are installed et the followins 9 places: 


l places around the engine combustion chambers. 
1 place at the engine brenther duct, 
l places around the gear усх. 


The engine overheat warning lights are provided one for саса o7 


and left-hand engines, end ore designed to ecra on an the event of erzina 
апа gear box overheat, and slso of engine сост. ид wir overheat., “nero ror, 
1% is impossibie to see which of the three tysiems hes been overheated 
To locete the overheated system, depress the LOD c? the Light өлі SÉ злу 
the overheat test switch, and the cooling air Ditt cet. ctor circuit m7 
the engine overheat detect or circuit сеп be recogsized respectively. 
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NOTE: The fire-extinguishing system should қо Le DISTER T Don y wien 5525 
engine overheat warning light has come on. In such шоссе, Gore сте 
the engine power end pay attention to the fire warning liqui “іс. 
there is елу sign of overheat, feather the encinas, In cas 57 4 
fire werning light usually comes cn in succeszicn after une cverhest 
warning light. | 

4.18.4 Fire-Extinguisher System 

The fire-extinguisher system has methyl-brorvióe nettles, tvo for each engine 

independently, and is designed to discharge the egent from two cpray rings 

and one spray nozzle instslleà around the engine. 
an 


In the event of fire breekout around the engine, 
hendle of the engine concerned, and the Tupi ага 


the engine is shut off and e+ the same tims the е 
Ts 


fire-extinguishing system is completed. Push the 
charge switch down to "1 st," end one methyi-tron 
discherge the egent for fire-extinguishmrent. if 


bottles, 


The two methyl-bromide bottles ere installed at the center to the ei 


fire wall inside the nacelle. 
At the upper part of the bottle is fitted 


T 
Switch is operated, explodes the powder electrics 
bromide outlet and et the sene time tke üischevrze 


for methyl-~bromi де discharge. 
Where the internal pressure of the nethyl-b-zri3e 
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abnormally high due to temperature rise, the сузззыхе relief valve is 
©: : 15 


to discharge the methyl-bromide out. In this case, 


broken to show the red color inside, 
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Chapter 5 POWER PLANT ~ PROPELLER 


5.1 Generel 
The вігрізпе Ү5-11 is provided with Type С) DEEN „5/2 propellers 
one for each engine, Each propeller, designed to be driven Оу Engin” postr 


with a reduction ratio of 0.0775, is a 14 ft. 6 in,-diareter, 4-tlade, ncn- 
reversing, left hand rotation, constant-speed propeller with two mechanical 
stops and a feather stop. The propeller pitch engle is hydrauiicaily ecen- 
trollable within the range from 0° (ground fine pitch) to 94? 15' (feather 
position) by using the engine oil. E 

The propellers designed especially for the turbine engines satisfy the 
following requirements: 


(a) Constant speed is maintained. 


(b) Resistance at the time of engine start is held to s minimum Гог іп- 
proved initial acceleration. 
Further, its drag after landing for nigner braring effect is great 
These requirements can be fully satisfied by setting the ргореііег 
pitch angle to O? (ground fine pitch). 


(c) In order to prevent overspeeds and propeller drag due to ralfurct 
ing of the engine, propeller, and control unit, two mecnenicel 
stops аге provided, whereby full operational safety can oe ensu 
The two mechanical pitch stops are as follows: 


Low pitch stop (Flight fine pitch stop} 14° 
High pitch stop (Cruise fine pitch stop) 27.59 


(а) The propeller cen be feathered to reduce windmilling @гас in 


C 
engine trouble, There are two types of feathers: auto-feethe 
menual feather. 


These propeller pitch and mechanical stop are controlled by meens of the 
propeller control unit (P.C.U.) provided to each engine. 

Besides, such devices as the de-icer, propeller breke, and tropeller 
chronizer are provided. 


5.1.1 Principal Components 


Propeller Assembly | rropeller 
| Spinner 
Brush gear housing 
Propeller Control Unit 
Feathering Unit 
Synchronizing * Squipment 
Propeller Brake System 


2.1.2 Propeller 
Four blades are supported by the double roller Теггісге in tne proveller 
hub, Те the fore of the hub is installed tho evlinger, which is court 


with the pitch lock mechenisn. 


June /66 


ал 


Each blade is connected to the piston inside the cylinder ty reens of the 
link mechanism. To the aft of the hub is attached the slir ring 5525/55 
providing electrical power soures for 62-ісіпг the prcpelier and ite, 
A rubber overshoe with a built-in electric neater is bended or the ied ing 
edge of esch blede, covering about 10 percent of the overall lenstn of the 
blade. Electric cables ссппесф this апа the slip ring Lcuzinp terminal. 
Tne engine shaft has two oil tubes inside, throurgn which She propeller cy- 
linder and pitch lock unit operating oil is passed. 


9.1.3 Spinner 


Tne spinner, housing both the propeller cylinder and hub, is atteched with 
pins on the propeller slip ring housing. This spinner serves, t 

with the air intake casing of the engine, to streamline airflow 
engine. | | 

The electric heater is installed inside the nose of the spinner. 


5.1. Brush Gear Housing 


The brush gear housing is fixed on the engine side; and accordingly it “ces 
not rotate with the propeller, It has two brush box assemblies in contact 
with the three slip rings built in the propeller slip ring housing. The 
electrical wiring harness is connected to this brush box to supply eleciri- 
cal power for de-icing to both the propelier end the spinner. 

Inside the housing are installed five slip rings, whereby the electrical 
wiring harness on the fuselage and the propeller control system ere connect- 
ed. ain the propeller hub are provided three switches (hub SW), which core 
into contact with these brush gear slip rings when the propeller biede 
set to a prescribed pitch, forming an electric circuit ror propeller control. 


5.1.5 Propeller Control Unit (P.C.U.) 


The propeller control unit consists of = gear type oil pwp and а centri- 
i eg 


fugel governor driven by the engine reduction gear. The cil pump increeses 
the pressure of the oil coming from the engine and sends it to the propeller 
cylinder end pitch lock. The governor controls the movement of? the piston 


velve through which the oil is led to the propeller. 


5.1.6 Feathering Unit 


The feathering unit is composed of an oil pump driven by en electri 
thet is, a feathering pump which boosts up the pressure of the oil 


ro 
engine tank, feeding the pressured о11 into the propeller control unit in 
plece of the normal system when required for feathering or other purposes, 
The electric motor, which operetes on the 2h-volt direct-current rover, can 
e 


develop an output of about 2.12ЕР. Avoid continuous operation of th 
feather pump in excess of 3 minutes at one time. 
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5.2 Pitch Control 


9.0.1 General 


The propeller blade pitch wigle is controllable from 09 (ground fire pitch) 
to 84915! (feather positicu). The propeller pitch changing mechanica is 
designed to be overated hydraulionlly,i.e., by moving the piston inside the 
prepeller су1іпбег by the engine oil pressured from 70 pei up to the maximum 
760 psi by means ох the oll pump. Since the pistcn ік coupled to Lhe root of 
the blade, the moverent of the piston varies the blade pitch angle. riston 
movement is controlled hydraulically by the propeller control unit. The 
hydraulic pressure applied to the front enc of the pistcn increases nt 
pitch (Coarsen) while that applied to the rear end of the piston decreases 
the pitch (Fine-offj.. 


d oct 
г 


5.2.2 Constant Speed Control 


# 


The constant speed renges from the minimum 11,000 rpm to the maximum 15,000 
rpm any desired constant speed can be selected within this range simply by 
setting the throttle lever to the desired position. To prevent overspeed 
running, the engine fuel pump is provided with en overspeed governor, where- 
by the fuel flow is regulated autonetically to slow down the engine speeds 
below 16,500 rpm in Сезе the maximum speed is exceeded. 

In the event thet the engine speed thus selected by the throtile lever is 
changed, P.C.U. works autometically to control it. Namely, in case that 
speed variation takes place, the piston valve of P.C.U. which is balanced 
by both the centrifugal force acting upon the constant speed governor weight 
inside P.C.U. and the spring load to be detemnined by the throttie position, 
is operated to control the oil flow into the piston. When the engine speed 
exceeds the speed set by the throttle lever, the centrifugel force of the 
governor weight overcomes the spring load, pulling upward the piston valve 
to Ellow the hydraulic fluid from the P.C.U. pump to flow into the Coersen 
side. Thus the pitch can be increased to lower the speed to the initial 
rate. On the contrary, when the engine speed has decreased below tne sev 
rate, the spring load cvercomes the centrifugal force of the governor 
weight, the piston valve moving down to permit tse flow of the hydraulic 
fluid into the Fine side to decrease the pitch angle, raising the engine 
speed to the initial rate. је hydreulic pressure flowing to the Fine side 
is controlled to 230 psi by means of the fine pitch relief valve. 

When the spring load and the goverror weight centrifugel force агг belanced, 
the piston valve is in the neutrel position, passing no hydraulic pressure 
to either the Coarsen or Fine side. And the propeller maintains a constant 
speed and a constant pitch. А 


4 


Тһе minimum load of the governor spring has been preset, the engine speed 
being 11,000 rpm. Ассогбілгіу this speed is called the minimun constent 
speeé, below which the propeller can not maintain в constant speed. 

Move the throttle lever from the minimum position, end ах about 35% of the 
full stroke of the throttle lever, the minimum constant speed is reached. 


5.2.3 Ground Fine Pitch 
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) 5.3.1 General 


5.3.2. High Stop (Cruise Fine Pitcn Stop) . | NM 


TEN 
Ve MES 


As the centrifugal force of the F.C.U. governor veipht is less than 
5 & G | 
spring force at an engine speed below the minimum constant speed, the 
piston valve goes down and the hydraulic pressure is invariavly being abp- 
r> , 


lied to the Fine side; and accordingly the pitch angle remains at O^ when 
the engine speed is below 11,000 rpm. | | 


5.2.h Propeller Pitch Stop 


5.3 


For the purpose of satisfying ell requirements of the propeller for tne 
turbine engine, the propeller is provided with two mechanical pitch stops: 
High Stop (cruise fine pitch stop) Гог 21.5? of pitch angle end Low Stoo 
(flight fine pitch stop) for 14° of pitch angle. These mechanicsl stops 
prevent the increase of drag caused by the decrease of pitch below the pre- 
Scribed angle of the stop when the propeller windmills for some reason ог. 
other at the time of take-off or low-speed operation, or during cruising. 
These pitch stops are not formed when the blede is below the prescribed 
angle, but are formed only when pitch coarsening proceeds until the blade 
exceecs the angle. When there is a need cf decreasing the propeller pitch 
to a smaller angle then the stop, the pitch lock mechanism is operated 
automatically or manually to withdraw the pitch lock. 

Low stop shall be kept formed during flight and shall not be withdrawn. 

. Áccordingly the lov stop is so designed as to be withdrawn manually oply at 
the pilot's will. 

The pitch lock mechanism is overated hydraulically, and is controlled ele- 
ctrically by means of the iock withdrawal solenoids in P.C.U. 


Ca 


Pitch Stop Mechanism 


- - 
Ki 


Fundamentally, the pitch*stop mechanism consists of a Spring collet pro- 
truding into the propeller piston stroke. The spring collet is so de signed 
as to be pushed into the piston when the propeller pitch angle is decreased. 
To lock the stop to prevent the propeller pitch from decreasing, the three- 
stase spring load support is moved into the spring collet to limit the in- 
чага movement of the spring ccllet. 

Тре three stages of the support are as follows. 


| Unlock .................. Both stops. О. ME 
. Lock à s b b B ü À = d £ # m o w # w a Low Stop. 7 | m 
Lock 44.4.............. High stop. 


To withdraw the lock to relesse the stop, push the lock support by moving 
the lock opereting cylinder witn ihe hydraulic pressure against the spring 


.. load, automatically by means of the solenoid of P.C.U. ог manually through 


= 


SR mechanice]l system, . .. ` 


= 


The high stop is a mechanical pitch stop set at 27.59. Should the pro- 


. Peller windmill during cruising for some rezson cr other and the propeller | 


2 
Page 26 


pitch be decreased, the Greg might grow extremely great to cause a danzer. 
To prevent this trouble, this stop is located slightly lower then the pro- 
peller pitch angle for cruising so that the propeller pitch will never be 
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5.3.2.5 Manual Withdrawal 


When the pilot wants to fine one propeller below the high stop while holá- 
ing the other propeller at the high stop by the propeller emergency witch, 
or when the high stop will not be withdrawn sutomeatically due то 4 trouble 
with the automatic withdrawal circuit, the nigh stop can be withdrawn manu- 
ally by shifting the Н.Р. cock lever to "LOCK OUT" position. When the Н.Р 
cock lever is placed in "LOCK OUT" position, the solenoid 150га? PE valve 
of P.C.U. is operated to permit the flow of pressure oil to the fine pitch 
relief valve by by-passing the normal sclenoid system, the higi stop being 
withdrawn. 

In this case, the high stop remove light comes on to indicate that the high 
stop 1= in the withdrawn position. 


* 


2.3.3 Low Stop (Flight Fine Pitch Stop) 


This low stop is а mechanical pitch stop set at the pitch angle of 11°. 

In flight, the propeller pitch vill never be decreased below this angle, so 
that excess drag is prevented. 

Accordingly this stop is designed to be controlled manually only on the 
ground, 


5.3.3.1 Low Stop Lever 


The low stop of eech propeller is operated by one low stop lever located at 
the pedestal in the cockpit. The low stop lever has %уо positions - "FLIGHT" 
and "GROUND.". In "FLIGHT" position, the low stop is formed, while in"GROUND" 
position, the low step is withdrawn. | | 
The low stop lever is mechanically connected to the throttle lever, Place 
the both throttles in MAX., and "FLIGHT" is eutomatically selected. 
When the gust lock is in ON position, the low stop lever can not be placed 
in "FLIGHT." (Refer to Para. 4.13.5.) 
Place the slow stop lever in "GROUND," and the low stop withdrawal solenoid 
circuit is completed and the soiencid valve is cnergized to open the 3rd 

` oil line valve to pass the oil into the 3rd oil line of the pitch lock unit, 
the slow stop being withdrawm. For safety, the cil supplied from the lov 
stop withdrawal solenoid flows through the high stop withdrawal solenoid, 
whereby the low stop cen ре withdrawn only after the withdrawal of tke high 
stop. | | 


5.3.3.2  Electro-Hydraulic Stop 


Should the low stop 5e withdrawn. with the engine throttle in retarded 
position, a sudden increase in propeller windmilling drag results, possibly 
causing @ great danger. 

Accordingly, to ensure fail-safe feature the electro-hydraulic stop is pro- 
vided, whereby the propelier pitch angle is kept above 12° in order ta 
prevent the withdrewal of the low stop from being effectueted by some reason 
or other, and tc prevent the propeller from being fined down to the ground 
pitch, even when the low stop lever is in "FLIGHT" position. 

At the propeller pitch engle or 12? is provided a hub switch, which is 
designed to be ON when the pitch is fined down below 12°. When the low stop 
lever is in "FLIGHT," its circuit is completed Lo excite the pitch coarsen 
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into the increase line to feather the propeller поборов У. 

During feathering pump operation, the feather pump light is lighted. 

In the case of eauto-Teather, the аці coarsening, circuit remains completee 
even after the completion of feathering, ond the feathering camp keeps 
operating.  Feethering pump operaticu is limited within three minutes, and 
accordingly the auto-feathering сісгиі% must be released to stop tne festher- 
ing pump. To stop the pump, break any one condition of the afurenentioned 
requirerents. Generally, however, euto-feather can be cancelled by SUCCES 
sively performing manual featnering operation. 


5.4.3 Manual Feather 


Manual feather can be performed under any condition. For feathering the 
propeller manually, set the Н.Р. cock lever in "FEATHER" position end push 
down the feather/unfeather switch until feathering is completed. 

When H.P. cock lever is placed in "FEATHER" position, the lever pull up 
mechanically the governor piston valve of P.C.U. to lead the hvdraulic 
pressure into the increase line. The hydraulic pressure is supplied by the 
feathering pump, which is cperated by means of the feather/unfeather switch. 
Ihe feather/unfeather switch is a push-button switch. While the switch is 
kept depressed, the feathering pump continues operating and the indicator 
light built in the switch is lighted. In the case of auvo-feather, the pump 
operates automatically without depressing the switch, but the indicator 
light is kept on during pume operetion. 

When feather is manually done, the avto-festher circuit of the engine is 
opened end that of the other engine also can not be closed. 

Wnen the Н.Р. cock lever is placed in "FEATHER" position, the solenoid 
isolating vaive or P.C.U. also is operated to check the flow of the hydrau- 
lic pressure to the two pitch stop withdrawal solenoids; end therefcre both 
high end low stops can not be withdrawn. | 


5.2.5 Unfesther | 


To unfeather the propeller іп flight, move the H.P.cock lever to "FUEL OK" 
or "LOCK OUT" and then push the feather/unfeather switch. 

When the H.P. cock lever is placed in "FUEL ON” or "LOCK OUT" position, the 
P.C.U. piston valve is lowered by the governor spring load. In this state, 
when the feather pump is operated, the hydraulic pressure is fed into the 
decrease line to unfeatner the propeller. 

When tbe propeller is unfeathered in flight, no starter switch is used and 
Do sparx flies from ignition plugs. Accordingly the relight switch must be 
pushed "ON" in edvance. | 

In unfeethering the propeller, change the initiel propeller pitch by the 
&bove-nentioned method, end the propeller continues windmilling by itself; 
and accordingly there is no need of keeping the feather/unfeather switch 
pushed down. | 

The throttle lever must te kept in the FULL-CLOSE position. If the throttle 
lever is set above 12,800 rpm, Е11 of the requirements of auto-feather are 
fully satisfied when the Н.Р. cock lever is plaeed in either "FUEL on or 
"LOCK OUT" position; and therefore the auto-coarsen circuit is closed end 


unfeathering cen not te performed. 
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5.5 Propeller Synchronizer 


3.5.1 General 
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The duty of tris propeller synchronizer is to synghroenize 
engines for the purpose of reducing Bircreft vitretions, noises, and pilot 
discomfcrt, so that the pilot can be always free from fetigue likely to te 
caused by engine control. The master engine is 5ле right-hand en 

which, therefore, is not controlled Ly this cynenronizer., The le 

engine is в slave engine, its speed being syncnronized to that 
hand engine by means cf the synchronizer corrector unit. 


5.5.2 Mechenism 


In the rignt- anc left-hand engine gear boxes are installed the synenronizer 
alternators. The left-hand engine is connected to the corrector notor by 
the engine power control linkeze. 

Any difference between the right and left alternator speeds sends әп ele- 
evric signal to the corrector motor, and the ссггестог unit controls the 
engine fuel flow and the propelier control unit until both alternate rs are 
fully synchronized, 

Actually, the engine control system is actuated ty the throttle link vy the 
corrector motor, while the throttle lever is stationary bv means or the 
fricticnal brake. As the sudden operation of the throttle may result in an 
alteration of the "datum" setting of the synchron aizer motor, the throttle 
should be oper ated cautiously. I 


5.5.3. Synchronizer Operation 


ы 
ж 


The synchronizer can be operated by turning the synchronizer switch "CX" іп 
the cockpit. 
In view of the construction of the synchronizer, the maximum permissible 


тепсе of speeds is about = 250 rpm, being effective merely ror the соп 
Stant speed range above 11,000 гош. 


е 


lf the speed corceciion is required or unstable condition exists while the 
synchronizer is іп operstion, stop the synchronizer once end, after tne 
тұл 


readjusting the throttle, restert the synchronize: 


5.6 Propeller Breke . 
The only left-hand propeller is provided with the brke so thet the lozding 
end uniceding of passengers can be quickly done efter the engine has stovred. 
The braking system is installed in the gear box and cparated with the nye 
draulic pressure. It is controlled by the propelier brek2 switch lecsted 
in the cockpit. (For éetails, refer to the section ot "Svéreulic Syste." ) 
ln order to ensure sefety, the propeller brake is cesigned to be applied 
only when Ko. 1 Ж.Р. cock lever is in "FUEL OFF" vosizion. Also, when the 
propeller brake switch is "CK," the engine cen not be started. 
The propeller breke should be used only vhen the engine speec is below 
3,000 гов. 
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Solenoid in order to pull up the piston valve іп the propeller contro: unit, 


passing the oil into the increase line to inurease the piten engle ӨЗ va 129, 

When the lew stop lever is placed in "GROUND," unis circuit Stops 6perstinc. 
fi =s f” HF pao tas т. 

Accordingly the low stop lever should never be moved into POO реттей 


for any reason curing flight. 


5.3.3.3 Low Stop Unsefe Light 


When the low stop withdrawal solenoid is excited, this unsafe light comes 
on. Accordingly this is always lighted as long as the low stop lever is ir. 
"GROUND" position. In "FLICHT" position, if the light is lighted or dees 
not go out, it means there is а trouble in the low stop system. In such a 
case, it is necessary to pay a full attenticn to it. 


5.3.3.4 Below Low Stop Light 


The stop light is provided one to each propeller. It comes on when the hub 
switch at the pitch angle of 12° of the propeller is ON. Provided this 
lamp is lighted (actuelly, Tlickers) even when the low stop unsafe light 

is off, it indicates that the low stop has been witndrawn and the electro- 
hydreulic stop is in operat ion, | 


5.4 Feather and Unfeather 
5.4.1 General | mE D - 


Feat hering the propeller is carried out. by increasing the propeller piten 
angle to the meximum 84.5° by epplying the hyéraulic pressure to the increase 
side of the propeller cylinder. 

In this case, the hydraulic pressure is supplied by the feathering pump and 
sent into the increase line with the propeller piston valve in P.C.U. pulied 
up. Feather may be divided into Auto-Feather (Auto.Coarsening) end Manual 


Feather by the method of pulling up tne piston valve. 
5. h. 2 Auto-Feather 
In the event of zn engine trouble during flight, the propeller is eutomat 


cally feathered by the automatic coarsening device, which is designed when 
ell the following requirements are satisfied. 


(2) The throttle lever is in a position ebove 12,809 rpm. 
{2) The H.P. cock lever is in "FUEL ОН" or "LOCK OUT" position. 


(3} The other engine is not in the auto-feather ог manual-feather 
position. 


(4) The engine torque pressure is below 50 psi. 
When these requirements have been fulfilled, the auto-ccarsening electrics) 
circuit is completed to excite the auto-coarsen relay, turning the feathering 


pump. At the same time, the pitch coarsen solenoid is excited to puli ur 
the piston valve in P.C.U., actuating the feathering pump to pass the oil 
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5.7 Propeller Operetion 


5.7.1 Ground Operation 


Before the engine run-up on the ground, make cure that the lov 5507 

is in "GROUND" position end the gust lock lever is in "LOCK" pcsiiticn. 
- 6 Ë 

The H.P. cock lever im this cese must be in "LOCK СОТ" positicn. 

This is for the purpose that the propeller blades cen be moved racz to the 

ground fine pitch if the engine power is reduced. 


5.1.2 Engine Start 


es 


Prior to sterting the engines, make sure that the propeller blades are з- 
the ground fine pitch of 0°. This is very important for the prevention of 
hot start. For easy cetermination of the propelier blade positicn, red 
marks are provided et the roots of propeller Spinner and blade. 

If the pitch is still above 0°, decrease it to the ground fine piten су the 
following procedures: 
(1) Power supply - CN. | | 

(2) Engine Н.Р. cock concerned - LOCK OUT. 

(3) Feathering Sw - Фо be kept pushed down till the pitch becomes 09. 


Тһе propeller pitch remeins st 09 even if the ground idling speed incre 
after engine start. Further, at the beginning of throttle lever moverent 
from CLOSE to OPEN, the P.C.U. piston valve remains in the lowered position 
because of the presence of the dead movement of the governor spring rack 
sleeve, The propellers, therefore, are kept et the zero pitch engle, 
only the engine speed end fuel flow continue to increase until the mini 
constant speed is reached. At this point where the minimum constant 57 
has been reached, the piston valve in actuated to maintain the engine speed 
at 11,000 rpm. Even if the throttle lever is further moved towards ОРЕЯ 
position, the fuel flow continues to increase and the pitch angie becomes 
greater so far as there still exists the residual dead movement; and the 
engine speed is kept at 11,000 rpm. | 

Move the throttle lever further toward OPEN, апа the governor spring i 
compressed snd the engine speed increases until it is balanced witi 
spring load. | | 

Оп the ground, if the throttle is opened to take-off power, the propeller 
exceeds the low stop. When the low stcp lever is in "GROUND" position, the 


W Вы m 


low stop unsafe light remains ON but the below low stop light is OFF. 


5 „1.3 Take-off | 7 


2 
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When the gust lock iever is placed in OF? position, the throttle lever 
low stop lever are tmlocked. | 

During take-off, the propellers will not go over the high stop, except 
when the throttle lever is operated abruptly. Та order to prevent the 


n 
E 
CA 


Lie 
propellers from being caught by the high stop - resulting in high Т.С,Г., 
the Н.Р. cock lever should be placed in "LOCK OUT" position. 
Move the throttle lever through its travel to FULL OPEN, the low step lever 
also advances to FLIGHT position, the low stop being formed. And nstur= ly 
the low stop unsafe lem end the below low stop lamp go оцу. 


Drag & Engine RPM Values During Approach & 
Landing, Sea Level ISA Conditions. 
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Once formed, tne loy SLOP Will never be withdrawn so long n5 the low stop 
lever will not be moved to "GROUND." Should take-off be aborted, the lew 
stop lever must be returned to "GROUND" position, 


5.7.4 Cruising 


' 
LI 


After take-off, the H.P. cock lever should be shifted to "FUZL ОЙ" so that 
the high stop can be formed at any time. 
As engine speed increases, the propeller pitch also incre іе. 
hub switch at 29.59 at T.A.S. 187 kts in an ordinary cruise end forni: 
high stop. In this case, both the high stop remove light und high stop 
unsafe light go out. Provided one propeller із in contact with tne hub 
Switch at 29.5°, the high stop is formed; and the high stop remove light is 
out while the high stop unsafe light remains on. 
If the high stop is not formed,or the high stop unsafe light remains on 
even above T.A.S. 187 kts, set the propeller emergency switch to "EMERGENCY" 
to form the high stop. | 
If this operation is not enough to form the high stop, the air speed snould 
not exceed T.A.S. 227 kts. 
This is because, in case of an engine trouble, the ""— will not stop 
at the high stop but be caught by the low stop, making winázilling operation. 
In the event of & trouble with the P.C.U. constent speed governor function, 
the number of revolution of the propellers becomes about 25,200 rpm et the 
time of windmilling which is the limit of propeller overspeeds. Operation 
up to this speed, is considered safe. At T.A.S. 145 kts, the speed is- 
16,500 rpm. | - 
On the other чю, Since tne force exerted on the vertical tail by the un- 
balance of power between both engines due to the draz of windmilling рго- 
ре11ег is limited to C;A.S. 187 kts at the altitude ох 13,909 Ғо or lower, 
_the air speed should not exceed this speed in case that the high stop is 
faulty. | A s 
Nor should the E.P. cock lever be placed in "LOCK QUT" when the air speed 
exceeds this limit. Г ` > 
As long es the high stop is formed, the propeller pitch does not go down 
below 27.6° if it goes down due to some reason or other. | 
If both propellers decrease in pitch angle, down to 29.5°, the hub switch 
works end the high stop unsafe light comes on, the high stop being with- 
drawn and the high stop remove light coming on. Note jui. when the hy- 
draulic pressure on the fine pitch side is not high enough to withérsw the 
high stop, the speed in some cases аторѕ slightly below tke selected speed 
till the high stop is withdrawn. 


5.7.5 Арргсасһ and Landing 
At the time of approach, the propellers are spinning at more then the minimum 
constant speed. Move the throttle lever fully to CLOSE for low speeds, гг 
the propellers ere caught by the low stop at 14°, the speed dropping to le 
then 11,000 rpm. However, neither the low stop unsaZe light nor the below 
low stop light will come on until the low step leve iB pl 
after the eirplene hss touched the ground. 

After lending, withdrew the low stop, end the pre 
from 14° to the ground fine pitch stop, receiving 


H D 
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If the low stop is not. (оглед daring npprornch or during landing for 57ге 
reason or other, the propeller piten decreases belew 1h? and the hws 

Switch at 12° will be OW to form the suto-cournen circuit, so that the 
propellers are prevented from decreasing in pitch below 129. At thin tine, 
the low stop unsafe light docs not come on but the below low stop lignt 
flickers on and off. Іп such a сазе, open the throttle to Some extent to 
maintain the propeller pitch above 129, 


Propeller Pitch Stop Light Indications 


Indicator Light 


Kt. — 


Condition Throt- 


tle Approx. High High 
Position Stop Stop 
Remove Unsefe 
ON ON 
Taxe-Off | Max Flight 0,2120: ON ON 
Reduc- OH ON 
tion to | 


Climbing 


As | | 
Approach | As 
Required ON ON 


Idle Ground 80 ~ 0 ON ON ON 
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Chapter D FUEL AND WAVES /MECHANOL OYGDERM 


ы ` ^a 1 : 
genera. ролог ion 
-——— ———— ———— Чрн. 


uel tanks are located inside starboard and port wings. Main fagl 

anxs ere integral and installed outboard the engine пасеі.е.  Tnere 

s а provision for bag tank installation as auxiliary tanas to meet 
tomer's requirement. Auxiliary tanks are installed between the 

at and the rear spars of starboard and port wings inboard tne engine 
el 


(2) Fuel Refueling 


Fuel refueling is implemented by pressure feed system through the 
Tiller located on the lower surface of the wing. Alternatively, 
gravity refueling is accomplished through the over wing filler. 


(3) Fuel Specifications 
Fuel used in this aircraft shall conform to the following specifications. 
Group А 


ASTM D 1655-59Т Туре А or Type А-1 
British D. Eng. R.D. 2482, 2494 or 2408 
Canadian 3-СР-23е Туре 1 

І.А.Т.А. Kerosine Type Fuel 
MIL-J-5625F Grade JP-5 


Groun B 


British D. Eng. R.D. 2486 
Canadian 3-GP-22d Туре 2 
ASTM D 1655-59T Type B 
Т.А.Г.А. Wide-cut Type Fuel 
MIL-J-562hF Grade JP-4 


(4) Fuel Feed 


Fuel is supplied to engines from main tanks under pressure by means 
of the submerged type booster pump. The pressure supply is intended 
to prevent vapor lock in the system, 


Fuel in auxiliary bag tanks is transferred to main tanks by means 
of the fuel transfer pump. 


Cross feed system is incorporated between starboard and port main 
tanks. Тһе collector tank which forms an isolate chamber, and a 
scavenge svstem are installed in the main tanks to minimize the un- 


usable fuel quantity in the tanks. 
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(5) Fuel De-icing 


The fuel de-icing system is installed in tne fuel Teed line to preven 
fuel from icing. 


(6) Fuel Quantity Indicating Syster. 


The fuel quantity indicating system is provided with two xin 

gauges; two direct reading fuel quentity indicator mounted on the lowe 
surface of the wing and an electrical capacity type fuel quantity in- 
сісесог mounted on the pilot instrument panel. 
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(T) Сар Identificetion Merxing 
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Tne Го11о «ing colors are painted on the filler caps Tor iden fica- 


W/M Filler Cap ..... Whit 
Fuel Filler Cap ..... Red 
Oil Filler Cap ..... Yellow 


(8) Valves and pipes which can not be idenvitied easily are provided with 
els 
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5.2 Fuel Tank - Integral 


5.2.1 General Description of Integral Fuel Tank 


The integral fuel tank is provided, one in each of the right—- and left- 
папа wings, located between W. STA "4000 end W. STA 9600, being formed by 
bulkheads and front and rear spars with а vent. On tne lower surface of th 
wing еге installed four mannoles for inspection ог tank interior and one 
booster pump attaching mount. 

2 
Tne manhole cover is sealed wit e rubber gasket anc secured with screws. 
On the upper surface of the wi ls located one filler cap for alternative 
‘fuel refueling means оне бутый refuelin 15); no other inspection holes 


are provided. 


Inside the tank the components of each sub-system are installed. Of the 
components, most of those which are connected to pipes and electric wires 
outside the tank have their connections on the face of the rear spar. 


Components installed inside tne tank are, except the booster pump, checked 
р = > = 


. ог replaced through the manholes, Before accomplishing checks and replace- 
ment of components, the fuel shall be defueled entirely. 


The fuel tanks are numbered as follows: 


Т.Н. Integral Tank No. 1 (Main Tank) 
L.H. Bag Tank Но. 2 (Aux Tank-Option) 
R.H. Bag Tank No. 3 (Aux Tank-Option) 
В.Н. Integral Tank №. № (Main Tenk) 


In case the optional tank is not providec, its number is skipped. 
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5.2.2 Tank Specifications 


Total Capacity 2,Ghh d (about 700 U.S. gallons) 
Pressure Refueling Amount 2,1994 (about 659 U.S. gallons) 
Gravity Refueling Amount 2,5202 (about 666 U.S. gallons) 
( 
| 


, Unusable Fuel Amount 14) (about 3 U.S. gallons} 
Expansion Space 1242 (equivalent to 4.7% of tne total 
capacity) 
Proof pressure of tank 3.5 psi, 
Dec 15/67 5 
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2.2.3 Construction of Integral Tank (Fig. 5-3) 


Іле inner walls of tne integral fuel tank ure made up of upper and lower 
wing panels, front and rear spurs, and bulkheads at the wing stations 8200 

и" у, 
and 9000. Their inner surfaces are sealed with sealing compounc and Zut 


top-costed all over, 


GC 


Inside the tank are installed bulkheads to prevent fuel from centering 
toward the wing tip when the aircraft is banked to tne left or right, and 
trusses for stiffening the wing structure, 


Ine bulkheads are located at W STA 4500, 5600, 7200 and 8800, Bulxheads 
except one at W STA 4500 are riveted. 


The bulkhead at W STA 4500 is attached with screws and provided with іпгее 
swing check valves. Between the bulkhead and the stringer a clearance is 
provided to allow fuel to flow. 


Trusses are located at W STA 5100, 6100, 6700, 7700 and 8300. Truss 
members are detachable to facilitate inspection of the interior. 


5.2.4 Tank Sealing - Integral (See Fig. 5-3) 
Way 
Тре tank is sealed by the combined use of the following methods and sealants., 
(1) Face Sealing (Faying Surface Sealing) 


lt is a method used on the faying surfaces between the structural come 
ponents such as the skins, spars, rib and the like, and on the faying 
surraces of the reinforcements and longerons mounted directly on the 


structural components, 


Compound to be used: Types I, II and III 


(2) Corner Sealing 


It is a method used for the corners where the structural components 
are joined together with corner fittings, and is also used for the 
corners, grooves and where there are gaps. 


Compound to be used: ( PR~1422 } Class В-2 


(3) Fillet Sealing 


Fillet sealing is employed where the skins, reinforcements ang longerons 
are joined together and for the joints and gaps which are likely to 
cause leakage all around such points, 


Compound to be used: (PR-1422) Class В-2 
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W/M Tank Installation (Locking from Upper and Aft) 
Figure 5—38 


. . 4 r 1 , e r < 
Replenishment of water/methanol is accomplished tnroagn tne галай por, on 


P 


the upper surface of the wing. (Maximum Capacity 111 7,9. бала) 


5.9.3 Specifications ОГ Water/Methanol 


Specifications for the water/methanol conform to Rolls-Royce Specification 
Гог АЕР-1-М/М, ISSUE 5, AMENDMENT 2. 


As for the mixing ratio, methanol and water are mixed in weignt ratio 4 


British Standard 506 : 1958 | 
American Federal Specification O-M-232d (Grade 4) 


Di 


follows: 


Methanol CH30H 3 
Water Н20 6 


5.7.4 Water/Methanol Sub-system 


(1) 


Water/Methanol Feed System (See Figs. 5-39, 5-40 and 5-41, 


Three submerged type booster pumps are installed at tne 50% 
tank foñ delivery of water/methanol to both right апа iert 

under pressure. 

Water/methanol boosted by and delivered from the booster pump pas 
through the non-return valve and comes into tne collector pipe i 
in front of the wing front spar, from which water/metnanol 
either engine through the feed line. A shut-off valve, 211 
pressure switch are installed in this feed line. The feed 
1 inch diameter stainless steel pipe. 
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Operation of Feed System 


At the center pedestal in the cockpit, tne water/methanol control 
panel is located. Turn the water/methanol booster pump switch "ON," 
then the three booster pumps start to operate simultaneously. ¿vance 
the H.P. cock lever to the fuel "ON" position or further and turn the 
master switch "ON," then the shut-off valve is opened, allowing water/ 


methanol to flow to the engine metering unit. 


When line pressure exceeds 14 = 0.4 psi, the pressure switch closes 


—_—— 


its contact point and the indicating light (green) on the control panel 
comes on, 


Water/methanol which reached the engine metering unit is not injected 
into the engine until engine speed has exceeded 15,800 r.p.m. as the 
unit is connected to and controlled by the engine throttle lever by 


means of the linkage. 


> 
v^ 


An auxiliary vent line is connected to the main vent line on the way 
tne 


and the vent outlet is opened in the vicinity of W. STA 9,300 near 
fuel vent outlet. 
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5.9.5 Engine Bleed Air Purge System (See Figs. 5-һ1 and 5-42) 


Engine bleed air is bled from the second stage compressor outiet, The о. сей 
air is utilized as sub-power source of the pressure control unit of the air 
conditioning system. If water/methanol is injected into tne first stare 
compressor, the air containing water/methanol is fed to tnose units wni cr, 
may be corroded by water/methanol. 


Therefore, when injecting water/methanol, it is necessary to prevent the 
bleed air from entering into the units and discharge tne water/methanoi left 
in the piping outboard so that the non-contaminated air may De Гей to the air 
conditioning system. For this purpose, the purge valve is instailed in the 
engine bleed air line. This purge valve is electrically connected to the 
feed line shut-off valve. 


When the master switch is turned to "ON" 
l. Shut-off Valve — 5 Open 

then, 
2, Purge Valve — Close 


Thus the airframe can be protected from water/methanol containing vapor 
whenever water/methanol is injected into the engine. 


When the master switch turned "OFF" 
1. Shut-off Valve ---» Closed 
then, 
2. Purge Valve -----Э Open 
When the purge valve is in the way to open position, the valve is opened to 
the intermediate purge position. Therefore the water-methanol containing 


vapor left in the line between compressor outlet and the purge valve is dis- 
charged outboard and the clean air is supplied to the air conditioning 


system control equipment. 
5.9.6 Construction of Sub-system 
(1) Booster Pump (See Figs. 5-43 and 5-44) 
The water/methanol booster pump and the 28V D.C. driven motor of 
anti-explosion construction are assembled into an integral unit. 
A radio noise filter and a pump drain hole are provided at the botton 


of the pump proper. On the side of the pump are provided an water/ 
methanol outlet, electric contactor and gland drain fitting. 


(2) Non-Return Valve (See Fig. 5-15) 


The non-return valve is of the same construction as that used in the 
fuel system. 


Shut-off Valve (See Fig, 5-46) 

The shut-off valve is û gate valve driven by а 28 volt D.C. motor, к 
The motor and the valve are joined by bolts into one unit. Valve 
Operating time is 2 to 3 seconds, 


T 
ле 


* + A ` + G ` Г, UM. , ғ 
Ап indicator is provided to ascertain tne operating position oi 
р I ah 

r 5i! 


Ç 
valve from the outside. The valve has a built-in relief valve (O 
at 1 psi) to relieve the line pressure, 


Coupling (See Fig. 5=47) 


The couplings used for piping in general are wiggings flexible couplings 
and F.R.S. connectors. 

These couplings used inside the nacelle are covered with stainless 

Steel shrouds. At the fire wall, quick disconnect couplings are 
employed to accomplish effective engine change work. 


Filter (See Fig. 5-48) 
The filter is designed to trap up to 20 micron foreign objects. It has 


no by-pass valve inside. At the bottom of the filter, tne drain valve 
is insta«led. 


5.9.7 Indicator (See Figs. 5-40 and 5-50) 
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The water/methanol indicating system consists of the following two. e 


(1) 


(2) 


Water/Methanol Quantity Indicator 


The motion of the transmitter, suspended from the ceiling in the tank, 
corresponding to the height of the liquid level is converted into а 
change in electric resistance to indicate the quantity. 


Indication is given in U.S. gallons. The scale is graduated from 
Empty (O U.S. Gal.) to Full (111 U.S. gal.) at unequal angles within 
tne indicating range of 300 degrees. 


Water/Methanol Pressure Indicator 


The indicating system indicates the pressure of the water/methanol 
being supplied to the engine at the time of water/methanol injection. 
When the pressure of water/methanol exceeds the prescribed value, 

14 > 0.4 psi, the indicating light (green) comes on. 
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Stringer 


W/M Booster Pump Mount Plate 


W/M Tank (Rubber) 


W/M Booster Pump Installation 
Figure 5—43 
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Figure 5—44 
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~Non-Return Valves 
(with Thermal Relief Hole) 


Connecter FRS110/H 


Za 


к ge 
Coupling ———— 


Же Rit Thermal Relief Hole 
Valve Halt 
Non-Return Valves 


(without Thermal Relief Hole) AS. Жж Stiff Nut D a, ! 
и NP > 
ide LBS Р: 
wa Q = s | 


bna. ТЕСЕ 
We "zl 
E та KA cen ть аж — 
d ЖАҒУ | NR. 
| Sping (2) Reel, Washoe (9) \ \ T 
ubDer 
Distance Piece(3) “O” Ring (6) абы Washer (8) Spider (12) Circlip (3) 
Spindle( 5) Valve Half (7) (Metal) 


(Sliding) 


Rubber Gasket 


W/M Non-Return Valves 
5 Figure 5—45 
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Figure 5—46 
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WAM Quantity Transmitter 
Figure 5—49 
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5.9.0 Water Methanol Pressure Refueling (Pis, i 


[ 1" L ` 
ий 1! r Ls | 
1 |, t Lit. ' d d 


үш: The description of this system has been prepared Sor inj. ros СУ 


use only since its applicabilily has not been egtavlisned yet. 


The W/M pressure refueling taking place of the present кгйуїбу refaeiing, 
supplying W/M from the lower surface of the wing under pressure. 


Tne pressure line uses 1"¢ pipe and an adapter is provided on tne iower 
surface of the wing. 


Оп tne panel are provided the quantity indicator, its changeover switch 
апа illuminating lights. А float valve is provided in tne tank to snub 
off W/M supply from the adapter automatically if it reaches a Certain 
level. 

Also, in the vent line (1 1/2" d) is located the same pressure relief 
valve as that used in the integral tank, to relieve tne tanx pressure 
at the opening pressure ог 1.75 to 1.5 psi. 


Pressure Refueling Level ... 396€ (Approx. 105 U.S.G.) when the flow 
was shut off. 

Gravity x`! 111 U.S.C. 

Pressure Relief Level ‚.. 4208 

Maximum Refueling Pressure . 25 psi ... 25 U.S.G./Min. 


Расе 7% 


` FLOAT VALVE 
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PRESSURE RELIEF VALVE 


WATER/METHANOL PRESSURE REFUELING SCHEMATIC 


Figure 5-51 
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Chapter 6 POWER PLANT OPERATION 


6,1 Operating Limitations 
These limitations are the maximum that have beean approvel by the Airworchi- 


ness Authorities and are in conformity to the requirements 2f the engine 
certification tests, 


The table given below does not show the optimun climbing and cruising con- 
ditions, which are given later, 

Whenever the Operating Limitations are exceedel, records should be made and 
reported, 


i | Max. RENT e wee 
Condition R.P.M. on 


8,250 Í 250 Unrestricted 
8 ! 
i Gem 


Unrestricted 


Static ground idling 


With water/methanol 
Without water/methanol 


Max, continuous 


Take-off 


Unrestricted 


SSC 


NOTE: Ground idling at sea level static conditions, with the fuel datum 
trimmer at full increase, is determined by the fuel flow of 
197.6 + 3.794 /hr. (52.2 + 1 US eal/hr.) (154,2 + 2.95 kg/hr (310 + 


Min, approach 


Over speed 16,500 Max, 


6.51b/nr)]. In this case, the engine speed becomes 7,500 to 8,500 T Vp 


Maximum atmospheric temperature for engine running 
"n 
TSA + 30 
Oil pressure 


Minimum permissible value: 14 psi at oil temperature of 120°C and 
maximum continuous speed. 


Minimum value for flignt: 9 psi at all engine speeds. 
Oil tenperatures | 
x Maximum: 120°C 
Minimun for starting:: -3090 


| 


| Pere 


Ho 


Shaft Н.Р.-%) of May. А available 


o of max. 


HIM" 


100 


60 


Fully 29 40 60 8&0 Folly 
Close Орел 
Throttle Opening -%, of тах. 


Variation of Shaft Horsepower (Static) 


Fig 6-1 


Throttle Opening — 9 of max. 
Variation of R.P.m. (Static) 


Fig 6 — 3 


100% 


BO 


| rimmet: 


ange 


O's 


60 


40 


Shaft Н.Р.— 22 of Мах. Available 


20 


| 


Fully 20 40 BO BO Fully 
Close Open 
Throttle Opening =° of max. 
Variation of Shaft Forsepower м Flight) 
Fig 6 — 2 


R.P.M.— "5 of max. 


Fully 20 40 60 BO Full, 
Close Open 
Thratthe (pening — of max. 
Variation of R.P.M. Un flight) 
Fig 6 — 4 
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ғ 
ix бле-2ҒГ sni Initial Climb 


Each engine is trimmed imiividually in aecordance with the fuel datum 
position table (Fig. 6-5), prior to commencing take-off. This ensure 

that the engine will develop an appropriate power for tare-off and ini- 
tial climb within the T.G.T. limits even when the throttle i fully opened. 


D ғу н 


6.2.2.2 Climb and Cruise 


During Climb and Cruise, the fuel trimmer “ea be used te 

T.G.T. within the гесоттелдеі conditions irresrneztive of th ьо» бе air 

cvemrerature. Due to the relationship bet: een Ca wa re-or? evil 

and the огіітит climb anl cruise conditions, it is nevessery Lo 

fuel immediately arter engine spesd has been switche! from taze 
o 


5 


СЕ 


C 
Y rä puo 
22 
`Y 
“ 
xl 
Ф 
rg 


to climb power, Also during climb, retrimming should Те sc 
that the Т.С.Т. loes not exceed its limits as the altitude 


о Y 


6.2.3.4 Descent 


During ordinary descent, the engine torque pressure is around 109 psi 
however, whea power is further deoreased, limitations mini x 
i.e., 40 psi torque pressure, must be ise imei in orler to ensure p 


losding on the reduction gear layshaft. There ere vericus combing 
throttle апі fuel datum timmer setting to attain this ро: ег setti 


= 


6.2.3.5 Approach and Lending 


During approach, the fuel datum trimmer is set to a valus cloeinei from the 
fuel jatun position table (Fig. 6-5), sing vrevailins tencerature апа 
pressure altituie at the destination airfield obtsinei from the control 
toser, so that appropriate engine power witi he L.G T. limitati 


5 
be available for go-srouni. The Т.С.Т. lin 
should never be erce2ded even when the fuel 
as steted above. 
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6.2.3.6 Note 


When setting the fuel datum trim position for take-of 
fuel datun trimmer should always be moved from "лесгеазе" 
the same setting. 

Whenever the T.C.T. exceeds the limitation, operate the fuel de 
at any time to lover the Ты г. ` | 
Since there is а time lag between fuel trimmer operation апі 7.0.T. indica- 
tion, be careful not to overshoot T.G.T. when operative tne fuel trimmer by 
мафсһіпс the T.C.T. indicator, 


6.2.4 Propeller Synchronizer 


The system has а пахітот synchronizing range of aprroximately +350 r.p.m. 
However, Since this maximum value varies with the enrine Speels, it is 
desirabl e to use the synchronizer after adjusting the nurber cf revolutions 
of both propellers as much as possible. In zeneral, the propeller 
synchronizer is used after adjusting the speed to lesz tnan 5250 r.rp.m. 
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Бесзлзе of the Operational characteristics cf this mechunisn, it 
effective when the throttles are within tho constant z; ee] rence. 
When the throttle levers are selecting minimum constent speed, the г„р.т 
is determinei solely by the P.C.U. and the synclwonizer is inoperative. 
The system will again become effective when the throttles are орел teyond 
this point. 


Since actual engine speeds are the same when the synchronizer is operating, 
an error in the engine speed indicator system will be immediately discovered. 
When this error is compartively grent, it is recommeniel to cet both engine 
Speeds so that the mean indicated speed will be that recuired. During climb 


ani cruise, a tolerance of +100 r.p.m. is permitted for the required mean 
Speed. 


The synchronizer must be switched off during take-off and lending. If not, 


the sleve encine speed will be affected in the event of а trouble with the 
master engine. 


Should в propeller be feathered in flight, the synchronizer should be switched 
off. 


If г.р.п. has varied, ог if it fluctuates, switch off the synchronizer and 
reset it. 
6.2 Recommended Orerating Condition 

^ Ld - L. . . 
The following operating conditions are the maximum recommended for all 
scheduled flights, However, where circumstances permit, the engine life 
will be improved by the use of conditions below the recommended maximum. 

@ ` Recommended Conditions 

(1) Normal climb power 

14,200 г.р.п. Т" RAP. TOT 

` т 

(2) Cruise and cruise climb power 


14,200 г.р.п. D... 77090 


(3) Operationally essential power 
14,900 r.p4m, P g T. TOG 
6.3.2 Alternative Conditions 
Ze um turbine blade reliability, a lower climb ani cruise pover may 
е usel. 


Whenever necessary, the followinz powers аге recommenied’d for use at the 
operator's discretion. 


(1) Normal climb power 
14,200 г.р.т. 1.52, 774498 
(2) Cruise and cruise climb power 


© 14,200 repem. T.G.T. 745°C 


0,2» 
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14,200 ~ 14,020 r. p n, D,&.T, TAS "C 
14,00 a 15,000 7.0.1, T. e dn 700%С 
13,020 ~ 12,500 г.р.п. EBT, £73" 


Oreretionslly Essential Power and Emergency 


ай», 
(D 


It should te noted thet the meximum pover for use in а 
Simuleted emzrgency is the maximum continuous rover of t 
15,000 r.p.m. with T.G.T, 3990C, Hovey г, 662281015 wil 
required te use more then the normal climb cr eric | 
maximin continuous power; in this event, operationally e: 
should be usel, 

The duration end reason for the use of either maximum continuous or oper- 
ationally essəntíal pc er must be recorded in the аігстаѓі maintenance log. 
Occasions whea operationally essential power may be uzel ere as follows. 


mergency or 

е engine, latus 
arise when it is 
‚ but less than 
Sential power 


л Q F3 م‎ 


“ 


(1) When additional climb por ег is temsorerily гездігеі to reach а new 
altitule from the initial schzlulel altitule. 


e 
(2) When zevere turbulence exists at the flicht sltitude end higher alti- 
tude above such turbulence is desired. 


(3) When additional climb ro ег is tennorerily rewired tc obtain satis- 
гасъсгу clearance over high terrain et high ambient temperatures. 


\ МЕ" adie 
(4) When Air Traffic requirements insist on a time limit for the attainment 
of the minimum schelulel altitude, 


(5) In the event of a trouble with one engine. 


6.4 Operating Data 


6.4.1 Pover Setting Procelure 


The fuel trimmer should be ussd to obtain the г 
at extrenely bien amnient tenreratures, the Г 
inadequate. Іп such a case, the speed zhculd f = 
value, апа with the fuel datum trimmer at full асты the Т 
allowel to rise to the maximum figure, acsotiated with the sel 
To adjust engine power in flight, it is marmite dpa that the f 
be observed. 


e may be 
І 


(2) Selest the required speed, 
(2) Trim the fuel to the optimum Т.С.Т. 


There are various methods for obtainint a certain го ег by changing the 
engine speeds and the Т.П.Т. Апу methol may be adopted sc far as the 
limitations are not exceedei. Put, for loncer ensine life, it is recom- 
mended to adopt a high speed and low T.G.T. (Fig, 6-6) Accordingly, to 
Зесгеасе the power, decrease the fuel trimmer to lcwer the Т.С.Т. and then 
the г.р.м.; contrarily, to increase the pover, raise the r.r.m. and then 
increase the fuel trimmer. 
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Cil Pressure 


il pressure at take-off spread, 15,000 г.р.т., should be within 15 to 30 psi. 
If а pressure less than 15 psi is indientol, the following chock should be 
D m 


Minimum oil pressure at 12,000 r.p.m.t 


13.5 psi at 55°C and the pressure changes linearly between 
12 psi at 120°C 55°C and 12096, 
13.5 psi at -15 to + 55°C 
A check must be mode to make sure that the ofl pressure is above the minimum 


limit as soon as possible if oil temnerature is above 55°C in flight. 

The low oil ргеззате warning light will come on when the oil pressure falls 
below 5 to 6 psi. 

The low oil pressure warning light may flicker during violent mén2uvers ог 


in extreme turbulence and, пау also flicker momentarily on withdrawal of the 
flight fine pitch stop on landing. 


6.4.3 211 Temperature 


The minimum oil temperature at the time of engine start is -30°C. External 
heating is necessary in case the temperature is below this values. 

If the oil temperature is less than -15°C after starting the engine, the 
encine should be idled until this temperature is reached. It is permissible 
to run the engine at the minimum constant speed for warm-up because it takes 
about 3 minutes at the minimum constant speed to warm up from the minimum 
starting temperature to the opening-up temperature. 

Minimum oil temperature for internal power starting is -1096, 


f 


6.4.4 Feathering Warning 


` 


The throttle lever, if opened abruptly, exceeds 12,800 r.p.m., before torque 
pressure reaches 50 psi, thus actuating auto feather mechanism., Іп such a 
event, the eutomatic feathering system will coarsen the propeller pitch 
until the torque pressure rises above 50 psi. This process takes a very 
short time and does, in effect, assist acceleration. The feathering pump 
warning light will come on during this brief cycle. 


6.4.5 Excessive Т.С.Т. 


Whenever the T.G.T. limit value is exceeded, a proper operation must be 


carried out to lover the T.G.T. 

Whenever the maximum T.G.T. is exceeded, such events should be recorded and 
reported together with the duration and. degree of the excess. If a remedial 
action is found ineffective, the propeller must be feathered in flight or the 
H.P. cock must be closei on the ground. 

If the following condition is exceeded, feathering action should be taken. 


5 seconds at 950°C for momentary rise only; this feathering is 
not needed whea the tenperature does not 
exceed 9509C. 

€ NOTE: During starting operation, the T.G.T. limitation of 930°C must not 

be exceeded. 


o `` lorque Meter Inlieation 


An irrezular indication of the torque meter inlic:tez the enzine is mal- 
functioning, In such a esse, the propeller shall be festhered cr some other 
proper action shall be taken, 

If the indicator pointer swings between the normal value to zero repeatedly 
and quickly, the transmitter is malfunctioning. In this case, the power 
Setting should be altered to reduce 49 to 50 psi. If the transmitter is 
malfunctioninz, the fluctuation will stop. Therefore if all other indica- 
tions are normal, the power should be reset to the original setting and no 
further action is required to be taken. Flight may be continued. 


6.4.7 Complete Electrical Failure 


Those which have direct influeate upon the engine in case of complete 
electrical failure аге as. follows. 


(1) Fuel booster pump failure 


To prevent the occurrence of engine fuel pump inlet са 
tude ani fuel flows should be reduced to their practic 
ensure the continued operation of the airplane. 

Generally, the less the fuel is, the more often cavitation takes place. 


(2) Propeller low stop failure 


In the event of a complete electrical failure, the enzine should be 
stopped as soon as practicable after laniing to prevent engine over- 
heating because the propeller flight Гіле pitch stor is engared,. 
During this process, he sure not to open the throttles. 


` 


6.4.3 Water/Methanol 


The use of water/methanol for take-off or in flight is restricted to ambient 
air temperatures of -2090 to І.5.А. +30°C, ani up to an altitude of 15,000 
feet. 

The water/methanol system should not be oneratel at 14,500 r.p.m. or over. 
If its use is needed in ‘such а case, decrease the engine speed once to less 
than 14,500 г.р.м. and after setting the water /methanol system, open the 


throttles fully. 


| 
6.4.0 Nesstive "G" Flight 


Negative "G" flight should be avoided wherever possible. However, if 
sustained negative "G" flight is encountered, it is advisable to close both 
throttles until normal flight is resumed and normal oil pressure is ob- 
tained. This aims to prevent the auto-Testheringe circuit from being ener- 
sized by the momentary decrease of the oil pressure going into the torque 
meter system. | 


6.4.10. Simulated Auto-Feather 


е When auto-featherinz is required for training or tests, observe the follow- 


6 


ing items. 


Pace 10 


CAUTION: IF TEE THROTTLES HAVE BEEN RETARDED BELOW 12,000 


4 


і-Ғіісі% Overation 


Teke-off and Power Check 


T 


he airplane take-off shall be фегТоглеі in &cccrdl^nee with the prescribed 
cha 


ek list. 
В.Р.М. oe ҮВР 
GROUND, THE FINE PITCH STOP LEVER, IN ANY СА5Е, MUST 
TO THE GROUND POSITION DURING TAKE-OFF. 


Engine po ег shall be checked during take-off. 
1 n 


| 
„С.Т. indications of power show a lac during the early stages of take-off 

with ary power. When sneines are developing wet rover, T.C.T. газ nothing 

ve do with engine power. The fuel trimmer position set before take off, 

not be changec unless T.G.T. exceeds the limitation. 

Ihe pilot must make sure tbat enzine is developing sufficient power during 

take-off, noting the following; 


(1) With weter/methsnol (vet power) 


Indicated torque pressure, after altitude correction, shell be within 


-10 psi to +25 psi of the water/methanol check pressure (W.M.C.P.). 


А. У.У.С.Р. has been specified for each engine; ely it is steady 
e, the Weg? air ў ерй between -229G and ISA -30°C and 
up to the pressure altitude of 15,000'. 


Б, The altitule correction is %% psi for every 1,022 feet up to 8,090 


feet, added t^ the indicatei torque pressire if ассуе zez level 
and subtracted if below sea level and 6 psi for every 1,020 feet 


above §,000 feat. ` 


C. Torque pressure tenis to overshoot in the initisl staze of take-off 
with weter/methanol. This should exceed 75 rsi in atout 5 seconds 
ani should then stabilize within the water/methanol check pressure 


tolerance given above. 


D. Do not select water/methancl at encine speeds hisher than 2, ,900 
rep е. 


(2) Without w&ter/msthsnol (dry pover) 


Indicated toraue rnrescure, after alti 
-45 psi to +20 psi of the ensine rover check press 
within 10 seconds after reaching 15,020 г.т.п. 


" .. _ H 9 
ine, and increases or 
4 ` 
l l 


А. E.P.C.P. has teen specified for cach 
C 5 in? cn the ambient 
E 


air tempera ypices example із given 
in Fir. 6-9. 
P. The altituie correction is 5 psi for every 1,000 feet, added to 
if ot 1 - e өзі 4 an 
Ся а sucstracted 


the indiczted torque prescure ii Soe Сез seve, gn 
if belos cea level. 
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AMBIENT TEMPERATURE (dem.C.) 


Subtract the correclion 


+2 | Ü ! 
+19 3 
+17 d d 
+15 16 6 
+13 22 12 
+11 28 18 
+ 9 34 21 
+ 7 40 30 
о 4G 36 
+ 3 52 43 
+ 1 58 19 
- | 64 55 
- 3 TU 60 
- D 76 66 
~ 7 HI 72 
- 9 H7 TR 
-11 92 83 
~ 13 98 89 
-15 104 94 
-17 |109 1090 
-19 1114 105 
-21 | 120 111 
-23 | 126 116 
-25 
-27 
-29 
wëll 
-33 
-39 
-37 
-39 
-500 
=] 000 
NOTE: 


T.G.T. 


value obtuined 


[rom 


Ir 


Lhis table from the appropriate T.G.T. 


corrections at 15,000 rop.m. (tabular) 


Pig. 


G-10) 


| +19 

x | Engine power checks should not be +17 

Ü carried out іп anhbient conditions +1 

5 9 in excess of 1.5.А. +35 deg. C. | +13 

12 3 | ' | | +11 

l8 10, 0 Vg | | | + 9 

24 16 7 Ü C | + 7 

| О 

30 22 13 4 o Ry ‚5 

36 24 20 10 2 fo > | | | + 3 

42 за 26 17 В О Го, | | + | 

18 40 32 23 14 7 О | - 1 

53 4G 238 29 21 13 G Ü | | | | - 3 

GU 52 44 35 27 20 12 5 Ü | | | | - 2 

G6 58 49 Al 33 26 19 11 5 Ü | | _ 7 

72 b4 55 47 39 32 25 IB 1l 4 0 | | - 9 

79 69 61 53 45 38 31 4 17 lü 4 Ü | | -11 

нз 74 66 58 51 44 27 зо 23 16 10 3 Ü | -13 

HR BO 72 ба 5 5 A3 36 29 23 16 9 3 Ü | -15 

901 BG 78 70 62 55 48 41 35 29 23 16 10 à o | -17 

99 91 83 #75 68 6 54 17 41 #34 29 99 16 9 3 Ü | -19 

104 96 88 81 73 66 59 532 46 40 34 28 2 15 9 3 | 25] 

110 102 94 HG 79 79 64 SH 52 46 40 34 28 22 15 lU | -23 

115 107 99 92 H4 77 70 63 57 51 46 40 34 28 22 ló | ра 

104 97 90 H2 75 6H 62 эб 51] 15 JU 44 OM 23 -27 

95 87 HO 73 GH 62 50 50 46 40 31 EY zT 

91 84 78 72 66 Б] SIE 31 AG $0) ia - 4 [ 

83 77 172 66 6 56 51 TE 11 -323 

75 71 66 Gi 56 Dl 17 | 35 

66 61 50 525 -37 

YT = A 

+], 000 +3, 000 +5, 000 47,000 49,000 411,000 413,000 415,000 
S.L. 42,000 14,000 +6,000 +8,000 410,000 412,000 — 414,000 
PRESSURE ALTITUDE (ft. ) 01746 


limitation 


TN TI TP V 


(D 398p) ЧИЛЛА 


3. Wheaever the relight switeh is used, the oenis hedl Бе fe- 
corde: and reported. 


6.9.1.4 Eneine De-icing System Failures 


(1) 


If a red fail light comes on: 
Engine de-ica master switch OFF; then, ON 
If fail light remains on: 


Alternator power source Check; reset if necessary 


+ 


If the alternator is normal but the de-icing circul 
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Engine de-ice master switch OFF 

If icing condition persists with faulty engine de-icing: 

Relizht switch ON 

If an amber timer fail light comes on: 

Engine de-ice master switch To be left ON 

If red fail lignt comes on: 

Engine de-ice master switch OFF 

If icing condition persists: 

Relient switch ; ON 

If the fail light (red) comes on due to the failure of the alternator, 
Engine de-ice master switch OFF 

Failed alternator switch OFF 

In case that the engine ае-1се crossfeed system has been installed, 
Alternator transfer switch TRANSFER 

Puit E P master switch ON 

CAUTION: IN THIS CASE, DO NOT USE THE GALLEY HEATER, 

CAUTION: WHEN EITHER THE DE-ICE FAIL LIGHT OR THE TIMER FAIL LIGHT 


COMES ON, EXCESSIVE PROPELLER VIBRATIONS OR ENGINE MAL- 
FUNCTION MAY RESULT, NECESSITATING STOPPING THE ENGINES. 
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Figure 5—42 
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Minimain for starting by internal batteries: -10°C 


rinimum for opening up: -15°C 
6.2 Handling 
6.2.1 Ceneral 


Experiences have shown that, for maximum reliability, longer life with less 
frequent overhaul, and more economy in operation, the engine power should 
be kept to a minimum for the operational reguirenents. The service reliabil- 
ity and ultimate life of the hot section which accounts for а major part of 
the overnaul costs, are directly affected by turbine texperatures during 
engine operation. Special emphasis, therefore, should be placed cn enzine 
control during Climb and Cruise because these constitute most of the total 
flight time. Where operating circumstances permit, a rolling take-off 
technique should be used; the engine power should be checked at the initial 
stage of taxiing; and the use of take-off power should be kept to а minimum 
for the engine life. 
Details of the maximum recommended operating conlitions are given in this 
chapter, but it should be noted that some are more severe than the limita- 
tions mentioned in 6.1 because of the reasons above-mentioned. 
Whenever the Operating Limitations are exceeded during engine operation, 
such events should be reported. 
Also, see to it that the fuel supply to the engines will not be short. 
If the fusl supply is insufficient, the air may be засхеф into the fuel 

6 system, causing unstable engine operation. In such a case, the engine power 
shall be checked prior to flight. 


6.2.2 Throttle Operation 


Sudden throttle lever operation should be avoided because it will cause 
high T.G.T. and rapid temperature changes, which affect the ensine life. 
Accordingly throttle lever operation shall be performed as smoothly as 
possible. 

When closing the throttle, the engine speed will drop 511= Ту before 
settling to the печ selected value, and T.C.T. will first rise and then 
fall gradually to the new selected value corresponling to the engine speed. 
Abrupt retardine of throttle during taxiing or in the static condition on 
the ground, should be avoided to preveat the excess stress in propellers. 
Particularly when the engine spsede are within the ranse fron 15,000 г.р.т. 
to 14,500 r.p.m., throttle lever should be operatel cautiously. 


6.2.3 Fuel Trimmer 


The relationship between the fuel trimmer and the engine power is shown 
in Figs 6-1 ani -2. 


6.2.3.1 Engine Start 


The optimum fuel flow for engine starting can be obtained with the fuel 
trimmer at 10% (outside air temperature above 10°C) or 30% (outside air 
е temperature below 10°C) and the throttle fully closed. 
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(1) The autc-festher override switch mist be provided. 


Throttle lever 13,502 Tapma or higher 
Auto-feather override switch ON 
Н.Р. cock Fuel OFF 


After completion of auto-featherine operation, perform the manual 
feathering and turn the override switch off. 


(22 When no auto-feather override switch is provided, cerry out the follow- 


ing operation in the state of Cruise only. (eines on which Dart 
codification 733 has been accomplished.) 
Throttle lever Over 13,500 r.p.m. 
L,P. Cock 
(Ezergen2y fuel cock) CLOSE 
After completion of auto-feathering, accomplish manual feathering 
Oneration. 
In this case, the engines shall be unfezthered within 2 minutes. 
E E 


Ф 
(3) Close the Н.Р. cock and then open the cock, but do not energize the 


auto-feather circuit. 


6.4.11 Items which Affect Engine Power 


As previously stated, the ensine pover i 
peratures, altitudes and аігерезіз, Ве 

power are accessory drive power, fuel h L 
The accessory drive is driven by the gear box, Гог the 
maximum 7OHP is required. åmong the accessories, 
е д у the legit el t geogr vitm of SIR engine 


Ф 
Fo ct 


o 
GE ec ұға the a of minimizing rower los 
cen be automatically spillei out by opening the thro 
power loss can be prevented by stopping superchareer, if circu 
permit, when cne engine is feathered in flight, 


The fuel heater utilizes the bleed air from the ensine conpresser; and 
accordinely the use of the bleed air causes the reiuction of the enrine 
power, though slightly. Its proportion is about 42 of power st the engine 
speed and T.G.T. at that time. а гезііпсс in this esse indicate 
slightly dropped enrine torque pressure sni 112881 increase 

х) 11 


Humidity in the atmosphere affects "the encine 


1 A > 
the engine power, With respect to the officiel engine performante, 
humidity is expressel in terms of P«/Tc. The rreceribed value cf huzidity 
is 0.01. If the humidity increases, the епсіле po er decreases slichtly. 
d m Fn پس‎ i 2 т гу 
Теш АТИОЗРНЕВТС FRESSURE Le, där," ABS 
т ir у с ` ^ т” 
Ро: WATER VAPOR PRESSUR lbs./in.* ABS 
The relationship between these pressures is riven in Fir. 6-7, which shows 
effect of humidity upon епгіпе гегҒоглапсә. The extent of this effest also 
varies between take-off power end maximum continuous rower. For exemnle. 
© 
rave 11 


PERCENTAGE M j IN 


PERCENTAGE CHANGE IN 
GROSS THRUST AND AIRFLOW 
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PERCENTAGE CHANGE IN 


SHAFT HORSE POWER 


FUEL CONSUMPTION 


; EFFECT OF HUMIDITY Oi4 PERFORMANCE 
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сәксесіш power decreases 2% and the maximum continucus power, pt 6%. 


when the ambient air temperature is 35°C and the humidity is 120). This 
> is true only is the case of dry power; and accordingly, the engine power . 


not affected when the water/methano] System is used. 


6.5 Encine Starting 


To prevent hot start under strong wind condition, starting vith tail wind 
should be avoided and engine should be started with head vind as far as 
practicable. 


Check controls, switches, indicators, and warning lights, in accordance with 
the check list. Especially important items are as follows: 


whether proper power supply is being engaged; 

whether the throttle lever is in FULL CLOSE position; 
whether the fuel trimmer is 07; and 

whether the propellers are at the ground fine piteh. 


6.5.1 Engine Starting 
The engine shall be started in accordance vith the check list. 


(1) The starter button must not be pressed down while the propeller is 
rotating. Accordingly if the starter is disengaged during start, the 
button must not be pressed again before the propeller rotation stops. 


7 (2) The starter must not be disengaged before the engine has started 
perfectly up to at least 3,500 r.p.m. without excessive T.G.T. 
However, since the starter is automatically disengaged after 30 seconds, 
set the starter switch to "SAFE" to stop the starter motor if the 
starter is not disengaged even after 30 seconds. 


(3) In order to prevent hot start, the throttle lever must not be moved to 
IDLE position during engine starting. 


(4) During engine starting operation, the relight switch must be in OFF 
position. 


With a normal start, the r.p.m. will rise soon after pressing the starter 
button and, after lighting up, the T.G.T. will rise and the engine will 
accelerate to steady idling. Then the T.G.T. will come down within the 
idling limitation. 


Starting is permitted at temperature as low as -30°C when external power source 
is used, ог -10°C when internal batteries are used. The maximum permitted 
T.G.T. is 930°C. If T.G.T. approaches this limit at extreme low ambient air 
temperature, the start is not regerded normal. The normal maximum starting 
T.G.T. should be 700 to 800°C and if it is obvious that these temperatures 

will be exceeded under normal conditions, the start should be cancelled. The 
cause for high T.G.T. at the time of engine start is the insufficient starting 
voltage. The power source, therefore, should be checked. 


1/15/68 | 6 


NOTE: For starts at oil Lemperatures between O°C and -10°C on internal 
batteries, which have been preceded by a wet crank (motoring for 
less than 30 seconds with the H.P.C. in "FUEL ON" position and the 
starter selector switch in "BLOW QUI" position), а T.G T; limit of 
930°C is permitted. The use of 930°C is strictly limited to this 
condition. 


6.1.2 Failure to Start 


If the T.G.T. does not rise and the engine fails to light within 20 seconds 
after starting, or if the engine speed fails to rise above motoring sp 


e 
2,100 r.p.m. max.) within a maximum of 30 seconds after thr engine has been 
lit, the engine must be stopped immediately with the following settings. 
H.P. fuel cock FUEL OFF 
Starter master switch SAFE 


А 


А further attempt to start must not be made until the propellers have 
stopped rotating. If there has been any delay in closing the H.P. cock, 
carry out a motoring cycle (BLOW OUT). This should be done in any case 
aiter two failures of starting. 

To motor the engines over, the normal starting procedures must be followed 


except: 
H.P. fuel cock FUEL OFF 
Starter master switch BLOW OUT 


When carrying out a motoring cycle, the 30 seconds limitation of the starter 
tor operation must be observed. Therefore, after 30 seconds stop the 

motor by setting starter switch in "SAFE". 

iter performing starting or blow-out operations six times in all, the starter 
motor must be put at rest for at least 15 minutes for cooling. When the 
intermal batteries are used for starting the engines, unnecessary systems must 
not be operated as much as practicable in order to prevent vaste of power. 
After starting one engine, the generator is used. For this purpose, set the 
engine speed to 7,500 r.p.m. Higher or lower speed than 7,500 r.p.m. is 
iracequate for the engine. 
Tke other engine shall be started after generator power has become less than 
200A. 


6.6 Ground Run 
6.6.1 Ground Run 


CAUTION: THE GUST LOCK CONTROL LEVER MUST BE ON DURING GROUND RUNNING OF 
EITHER OF THE ENGINES TO RETAIN 
LEVER IN GROUND POSITION. THEN, ThE PROPELLER SPEED GOES 
DOWN, WITHOUT STOPPING AT LOW STOP AND ENGINE BURNING, WHEN THE 
SPEED IS REDUCED, AND THE STOP АТ 12° IS OFF. 


If the engine power is suddenly retarded from high-speed when the airplane 

is stationary on the ground, a tremendous stress is likely to be applied 

to the propeller blades. accordingly when moving the throttle lever from 
high-speed, do so gently; especially between 15,000 r.p.m. and 14,000 сорап; 
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Н.Г. fuel cock "ПЕ, OFF 
Sterter macter switch SAFE 


A further attempt to start must not be made until the tropellers nave 

stopped rotating. If there has been any delay in closing the Н.Р. cock, 
carry out a motoring cycle (BLOW ОПТ). This should be done in any case 
after two failures of starting. 


To motor the engines over, the normal starting procedures must be followed 


except: 
Н.Р. fuel cock FUEL OFF 
Starter master switch ELOW OUT 


In case of motoring, the starter motor is also cut off automatically in 

30 sec. Therefore, if it is not cut off in 30 вес., stop the. starter 

by setting the starter switch to "SAFE." 

After performing starting or blow-out operations six times іп all, the 
starter motor must be put at rest for at least 15 minutes for cooling. 
When the internal batteries are used for starting the engines, unnecessary 
systems must not be operated as much as practicable in order to prevent 
waste of power. After starting one engine, the generator is used. For this 
purpose, charge the battery by means of the generator. Before the other 
engine is started, set the engine speed at 7,500 rpm. 

The other engine shall be started after generator power has become less 
than 200A. 


6.6 Ground Run 
6.6.1 Ground Run 


CAUTION: THE GUST LOCK CONTROL LEVER MUST BE ON DURING GROUND RUNNING OF 
EITHER OF THE ENGINES TO RETAIN THE FLIGET FINE PITCH STOP SELEC- 
TOR LEVER IN GROUND POSITION. THEN, THE PROPELLER SPEED GOES 
DOWN , WITHOUT STOPPING AT LOW STOP AND ENGINE BURNING, WHEN THE 
SPEED IS REDUCED, AND THE STOP АТ 129 IS OFF. 


If the enrine power is suddenly retarded from high-sresd «hen the airplane 
is stationary on the ground, a tremendous stress is likely to be applied 

to the propeller blades. Accordingly when moving the throttle lever from 
high-speed, do so gently; especially between 15,000 т.г.п. and 14,000 r.p.m., 
there must be at lesst 5 seconis before throttlinc is completed. 

When the епсіпез аге run with the airplane stationary on the ground, the 
airplane must be directed to the wind end cross wind in excess of 309 

should be avoidei. 

Also, continuous operation at less than 7,000 r.p.m. and at any speed 
between 12,000 r.p.m. and 14,000 r.p,.m. shall be avoided. 


6.6.2. Taxiing 


Texiing should always be соггіеі out with the zust lock control lever ON 
to ensare that the flirht fine pitch sto» selector lever is in GROUND 
position. Do avoid engine run for a lens time at speeds between 12,000 
г.р.п. and 14,000 г.р.п. 

When moving the throttles, do so gently to avoid bien T.G.T. 

Relow flight fine pitch stop lights may flicker on апі off during taxiing. 


PREVAILING AIR TEMPERATURE - degree °C 


d 


+ 


45| .765| .752 
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PRESSURE ALTITUDE 


Corrections to power check pressure 


825 


5000 


255 
268 
281 
295 
411 
221 


248 
261 
214 
288 
502 
418 
224 
555 
550 
528 
525 
522 
518 
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511 
506 
502 
298 


-220 


246 | 242 
28 254 
272 267 
286 280 
500 295 
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255 527 
551 229 
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228 
240 
252 
265 
219 
292 
508 
321 
520 
518 
513 
512 
509 
506 
501 
298 
295 
288 


2000 


5000 


210 


283 


4000 


PRESSURE ALTITUDE- ft. 
ENGINE SERIAL NO. 21005 


202 
214 
226 
238 
250 
263 
276 
290 
304 
202 
301 
299 
296 
295 
289 
285 
2.19 
279 


5000 


T,G.T. МАХ, 840 

Е.Р.С.Р. ORIGINAL 555 psi 

W.M.C.P. 381 psi 
204 
216 208 
228 | 220 | 210 
948 | 231 |222 1214 | 205 
253 | 243 |254 |225 | 216 
266 | 256 | 245 | 236 | 227 
279 | 268 | 258 | 248 | 238 | 
295 | 281 | 271 | 261 | 250 | 
298 | 293 | 285 | 274 | 263 
297 | 292 | 288 | 281 276 
295 | 290 | 285 | 280 x 275 
291 | 287 | 283 | 277 | 273 
287 | 283 | 279 | 273 269 
284 | 278 | 274 | 268 | 264 
279 | 273 | 268 | 262 | 258 
275 | 266 | 261 x 256 251 
268 | 261 256 | 250 243 
6000 8000 10000 

| 7000 9000 | 
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he T.G.T. limitation at the Line of take-off is [65 C. However, the 
maximun arie differs within this limitation with өзек engine. If the 
air temperature is below ISA, the T.G.T. indication is low. 
Therefore, T.G.T. correstion baüowes of nesessity to the arnbient air ten- 
perature when the power check is accomplished, Fic. 6-10 shows the T.G.T. 
correction. 


After Take-off 


If water/methano] has been used for take-off, the followine check should 
be carriel out at an altitude not less than 400 feet above the airfield. 


Throttle lever oet to CLIMB POWER 

Water/methanol master switch OFF 

weter/methanol booster pump switch OFF (pressure indicator light OUT) 
Е.Р. fuel cock FUEL ON 


When the throttle lever is pleced in CLIMB POWER (14,200 r.p.m.), the 


water/methanol injection stops automatically before the weter/methanol 
switch is turned off. 


3 Climb and Cruise e 

When the normal climbing speed has been reached, power is reduced to a 
value required for the en route climb to the operating altitude (14,200 
г.р.п.; 77097) and fuel heaters ere set to AUTO as required. 

Fuel trimmer shall be operated, during climb and cruise, to ensure that 
the Т.С.Т. linits are not exceeded. The positions of both fuel trimmers 
in flight are not related except when they аге directly related in case of 
low torque pressure or fuel flow. 

When the true airspeed exceeds 187 kts T.A.S. at cruise power, rske sure 
that the high stop remove light ani the hien stop unsafe light go out. 


6.7.4  Desceat 


uring normal descent, the engine torque pressure is about 100 psi. 
L higher or lover power may be used Гог descent denending upon the cir- 
ne ; however, for a desceat at a lover E er, the enzine torque 


pressure mat not be less than 40 psi. 


6.7.5  Aprrosch and Landing 


Obtain the rrevailine temperature and rrescure altitule informations at the 
destinstion airfield from the control tower, to set the fuel trimmer to day 
trim. This is important to cbtain appro, riate power in the event of go- 
arouni. | 

Accomplish chesk for approach and landing in accordance with the check list. 


CAUTION: NOTE THAT, AFTER A LONG-TIME FLIGHT BELOW 20°C, i JATER /METHANOL 
INJECTION, IN SOME CASES, CAN МОТ BE UTILIZED IN THE EVENT OF GO- 
AROUND. 
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6.7.6 After Landing 


After touching the ground, place the low stop lever in GROUND r 
early as possible. Confirm by means of the lighting of the low 
lights and the below low stop lights that the propellers have b 


to the ground fine pitch. 


Prior to opening throttles for taxiing, engage the gust Leck so that the low 


Stop lever will not move from GROUND. 


When stopping the engines, place the Н.Р. cock in FUEL OFF after fully 


closing the throttles, 
If the use of the propeller brakes is required, aprly the trakes 
engine Speeds have dropped below 3,000 r.p.m. 


after the 
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о 8.1  Encine De-icing 


nmt ` 
ine de-icer mus 

we " 289 . = > 
peréture is bel 


be encountered. 


+ d ч Le ES Le 
It is important that the correct cycling is selected &ccordi: 
GIT venr ега ture, 


d * 
v De switched on at ell timas when the indicated eir ten- 
ow +1090 unless it is certain that icing condition vill not 


to the outside 


nz 
ПЕ 


F ke-off icing or in conditions of hign humidity with visible mois- 
боге at air bearer atures below +5°C, check: 
Engine de-ice master svitcon ON 
Fast-Slow cycling switch FAST or SLOW 
| (SLOW telow -15°C true or -109С 
Р ' ер indicated air temperature) 
Red and amber lights OUT 


6.°,1.2 А11 Flight Conditions 
* 


is certain thet icing condition vill nci te encountered, 
d under "Take-off", 


9. Delayed Use 


m 
cr 
(D 


If, for any reason, icing condition is encountered tefcre the selection 
of the de-icing system, proceed as follows. 
Relight switches of both engines ON (Check indication light) 
Кс. 1 engine de-ice master switch ON 
FAST-SLOW cycling switch SLOW or FAST 
(To be selected following the 
procedures for Take-off) 
Red or amber light Check "OUT" 
After one minute:- | 
No. 2 engine de-ice master switch ON 
Red or amber light Check "OUT" 
After two minutes:- 
Relight switches of both engines OFF 
| 
This is for the purpose of preventing the occurrence of fleue-out probably 


arising due to ingress of melting ice into the engines. 


NOTE: 1. If descending into conditions where the indicated air temperature 
TEES is above -59C, it is edvisable to discontinue the descent until 


the above steps have been completed. 


2. In the event of low power conditions, it i. advisable to con- 
tinue flight for about 5 seconds at 14,200 г.р.п. after the 
completion of the above steps, and then see if the power of 

e each engine is adequate. ` 
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геле 


Except ‘in an emergency, по attempt to restert the rneines should Le 
after flignt through icing exceeding 5 minutes, If the ererrency іс urgent, 
it is advisable to fly as long as practicatle at an indicatei sir tern- 


perature of +#5°C or higher prior to attempting to restart. 

If flame-out has occurred, feather the propeller апі esrry out restarting 
inmeliately. However, if it is necessary to effect в rapid relight, this 
can be achieved by throttling back, switching on the relignt switch, and 
then re-opening the throttle to obtain the recuired power. Finally, switch 
off the relight switch when the de-icing system is normal. If, however, 
automatic feathering has taken place, normal relight procedjure will be 
necessary. 


6.3.2 Fuel Filter De-ice 


6.2,2.1 During Taxiing 


If the fuel heater warning light comes on during taxiing, at the indicated 
outside air temperature оГ +5°C or below switch the fuel heater ON and leave 
it on for two minutes prior to take-off. If warning light is still ON after 
the above procedure, or warning light comes on at outside air tenperature 

at which icing can not be expected, flight must be discontinued. 


6.8.2.2 Take-off . 


6.8.2.3 Climb and Cruise 


If the fuel filter de-icing warning light comes on during take-off before 
Vy is reached, abort the take-off. If the light comes on after У] has 
been reached, no particular procedures are taken until the airplane takes 


off safely. Then, turn on both fuel de-icing switches and keep them on 


for two minutes after the warning light went out. Subsequently, set the 
fuel de-icing switches to "AUTO." 


Set the fuel filter de-icing switch to "AUTO." Then, de-icing is accomplished 
automatically whenever the warning light comes on. 

In case that the fuel filter de-ice warning light is on for more than two 
minutes, set the fuel de-icing switch to "MANUAL" for two minutes. Then, set 
the switch to "AUTO." If the warning light does not go out for all that, set 
the fuel de-icing switch to "MANUAL" and leave it there. 

If the &bove procedures are not accomplished in time, set the relight switch 
of one engine to "ON" and set the fuel de-icing switch to "MANUAL" for 2 
minutes at least. Then, turn on the relight switch of the other engine and 
set its fuel de-icing switch to "MANUAL." 

If both engines are functioning normally, turn off both relight switches. 

If the engine speed or T.G.T. begins to fluctuate, retard the throttle lever 
to "MIN," 

If the engine speed and power keep dropping for all that, feather the pro- 
peller manually and try to relight the engine as soon as possible. 


6.8.2.4 Descent 


When the throttle is retarded for descent, set the fuel de-icing switch to 
"AUTO." 
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6.8.2.5 Approach and Landing 


6.9 


6.9.1 


6.10 


Keep the fuel de-icing switch in "MANUAL" for 2 min. within 5 min. before 
landing and turn it off later. This is not necessary if the indicated 
outside air temperature is above *5?C throughout the entire flight. 


NOTES:1. If the fuel de-icing switch is turned on, the torque pressure and 


Т.б.Т. vary a little, 
If the trimmer range permits, readjust the trimmer to maintain 


the desired T.G.T. 


2. In case the efficiency of the fuel de-icer is not enough, it can 
be improved by setting the fuel trimmer to "Full Decrease" and 
opening or closing the throttle lever. 


3. If the warning light is on Гог е long time, the fuel low pressure 
warning. light may come on. In addition, if the fuel pressure 
drops, combustion may be interrupted. 


Auto-—feather г 

ТГ а propeller has euto-festhered, perform the steps of manual fe == аз 
early as precticable after auto-fee ther excert et the time of take-off, so 
that the feathering pump electric circuit will be interrusced and protected 
from burning. At the time of take-off, carry out the manuel feathering 
operation, after completion of take-off, as time permits. А саге shall be 
exercised sc that the feather pump will not te used for over 3 tinuous 


minutes, 
Relighting after Auto-feathering 


ТР a akawa has auto-feathsred due to loss of low pressure fuel caused 
by either booster pump failure, electrical failure affecting the booster 
pumps, or erratic operation of the airplane fuel syster, then relight шау 
be carried out when low pressure fuel system has been restored to the normal 


conditions. 


Manual Feather 


6.10.1 Manuel Feathering Procedures 


Feather (by this, fuel and W/M are shut off.) 


HF. mock 

Feathering switch To be kept depressed until feathering has been 
| completed. 

Throttle FULL CLOSE 

Prop. sync. switch OFF (when in use) 

W/M master switch OFF (when in use) 


NOTE: 1. If time permits or in training, it is advisable to stop the 
propeller synchronizer suitch first. 


2. After feathering, the high stop unsafe licht cones on. 
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6.10.2 Rnergency Feathering 


© Should a propeller fail to feather after the 1 „Ра Cock із placed 
position and the feathering pumo switel: i^ de тесле! the 43! 
2*J 4*3 B д 
ine system must Le operated as follows. 


(1) Close L.P. fuel shut-off valve (Emerrency fuel shut-off valve). 


(2) Open throttles fully. 


(3) Place H.P. cock in FUEL ON or LOCK OUT. 


(4) When feathering has been completed, open the festhering pump circuit 
breaker for the engine concerned. 


The action as іп (4) will isolate the feat!.ering motor, вс ;reventing it 
from burning, while retaining electrical feathering seleztion through the 
automatic solenoid, 


6.11 Restarting in Flight 


6.11.1 Relighting Procedures in Flight 


IAS Within the range given in Fi 
Throttle FULL CLOSE 
Г.Р. fuel shut-off 


е valve OPEN 


09 
г 
- 
- 
° 


Fuel trimmer Same as other engine 
Fuel booster pumps ON 

Relight switch ON 

Ignition light Check ON 

ПР, cock. FUEL ON 


Feathering switch То be kept depressed till engine speed 
begins to rise. 

Takeda Check riss. In this case, it may be necessary to 
open throttles slichtly to confirm the rise of T.G.T. 
If no relight, within 30 seconds, feather гегвіп and 
repeat the same steps after fuel draining during 
flight for two minutes. 

011 Check temperature апі pressure. 

Throttle Open slowly; and with both throttles levelled, check 
torque pressure to confirm completion of relicht. 


(ТГ ге1ігі% has heen successful, follow the steps 
shown in 6.11.2.) 


v 


On 
Г 


Fuel trimmer Trim as required 
Relight switch OFF 
Imnition light ОПТ 


Do not use relight switch for ten minutes continuously. 
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ey М 3 D L ^ M d 
.< Confirmation of Satisfnelory Relight 


If it is evident that the relight is Successful only partially, close and 
open the throttles rapidly two or three tines to ар roximately the half 
open position, avoidine the initiation of the auto-festkherin? syste, and 
recheck torque pressures; the feathering pump warning light may flicker on 
and off during this operation, Avoid excessive T.G.T. Ifa complete re- 
light hes not been орбаіпеі, feather it amain. 

Before relirhtinz is tried again after failing relichting and feathering 
propeller again, continue flight for 2 minutes at least with propeller 
feathers, draining residual fuel in combustion chamber,  Relizhting should 
not be tried more then once successively unless in case of ererrency. 

21 relishting is done at true airspeeds less than 175 knots, when the high 
ston remove lizht remains out, it means that this stop has failed to with- 
rawe Accordingly do not open the throttles before the Н.Р. cock is placed 
in LOCK OUT. 

The propellers should not be unfeathcred unless the oil temperature is with- 
in the limitation. | 


Engine Failure during Take-off 
ғ 
1 When Take-off Is Continued 


No special action is required since the nropeller feathers automatically. 
After take-off, carry out the manual feathering steps on the failed engine. 
If water/methanol is used for take-off, increase the fuel trimmer position 
on the live ensine by 15%, if possible. Subsequently set to maximum con- 
tinuous T.G.T. limit of 29096, 


CAUTION; THE FUEL TRIMMING ON THE LIVE ENGINE MAY RESULT IN OVERSHOOTING 
ES THE T.G.T. LIMIT OF 890°C. THE T.G.T. MUST ПОТ, HOWEVER, ВЕ 
ALLOWED TO EXCEED THE 950°C FOR 5 SECONDS LIMITATION DESCRIBED 
EARLIER. 
THE ABOVE PROCEDURE MUST BE USED ONLY IN THE EVENT OF ENGINE 
FAILURE DURING TAKE-OFF OR SINGLE ENGINE GO AROUND. 


6.12.2 When Take-off Is Abandoned 


Immediate actions to be taken: 


Throttles FULL CLOSE 
Low stop lever GROUND 


To utilize proneller drag effectively, do not feather. 


2 When Rich Stop Fails to Withdraw 


If the hi-h stop does not withdraw (hich stop remove lirht wil? not cone on) 
even when the airspeed is substantially reduse] below 127 kts, or if the 
nunher of revolutions decreases excessively, the high stor should be with- 
drawn mannally with the Н.Р. cock set to "LOCK ОПТ" position. 

Should the true sirspeed then be increased above 187 kts, the H.P. cock 
must be returned to "FUEL ON" to enrage the hich stop again. 


6.14 Enrine Fire 


6.14.1 Fire in Flight 


(This also turns off fuel snd water/ 


methanol.) 


Feathering switch | To be kept derressed until feathering 
is completed. ж 
Emergency fuel shut-off valve During feathering or imreiiately efter 


nlacing Н.Р. cock in FEATHER, close 
the valve &5 early as possible. (Pull) 
This turns off low -^ressure fuel and 
hydraulic oil, the fire extinguisher 


circuit being completed. 


Fire extinguisher switch 15% shot 
Throttie lever Fully с1осеі if time permits., 


If the fire warnine light remsins of after 30 seconds: 


Fire extin-uisher switch 2nd shot 


NOTE: The engine must not be restarted efter the fire warning light has 
come оп. Also, the emergency fuel shut-off valve should not be 


opened - 


6.14.2 Ensine Fire During Ground Run 


Н.Р. cock Feather 
| 
aL engine is being started: 


Starter master switch onfe 
Feather switch To be kept derressei until feathering 


is completed. 


Emergency fuel shut-off valve Glose, Ру the same procedure as "In 
Flight," 


After completion of feathering operation, utilize the ground fire extin- 
misher equijment if fire fighting crew are present on the ground. If fire 


still persists, 
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If the other enpi 
feathered tc faci 


ROTE: An engine must not be restarted efter the fire crninz 11255 сапе on. 
Also the emergency fuel shut-off valve must no^ te огеле 
Е шы ^ 
6.15  Enzine Overheat 
2.15.2 Operation 
engine overheat will be indicated by the overhest warning light. 
HiP, ебек Feather 
Feather switch To be Кесі derressed until conpleticn 


Emergency fuel shut-off valve Pull tc clos 


Pay attention to the fire warning light. 


NOTE: The fire extinguisher should not be usei сп^у because engine over- 
heat warning hes come on. 
The engine s*ould not te restar кына efter its стегпезо warning light 
came on, Also, the emergency fuel shut-off valve should not be 


6.16 Fs 


ІН" 


lures of Mechanism end Syst em 


6.16.1 On the Ground 


-p.m. inadequate. Quickly open throttle about 1 in. 
and then close, 
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6.16.2 In Flight 
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Symptom Remedy 


Sudden drop of T.G.T., or sus- Feather 
tained vibrations (exclui. 
momentary vibrations) 


_ llvULLUIL.CCC—— ——IR 


Oil pressure 
1. Vibrations 
2. Too high (accompanying 
phenomena: г.р.м. decrease, 
torque decrease, and T.G.T. 
rise) 
. Decrease 


1. Attend to oil temperature gauge. 
2. Feather 


3, Feather 


Torque pressure 
1. Vibrations 


1. Lower power to torque pressure 
40 ~ 50 psi. 
Restore initial power after 
vibrations are gone. If vibra- 
tions persist, feather. 


2, Sudden decrease 2. Feather 
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Chapter b HYDRAULIC SYSTEM 
6.1 General 


The hydraulic system employed in tne YO-11 is of closed center type and 
consists of main and auxiliary systems. 

The pressure source consists ot two engine driven pumps and one motor 
driven pump, its system pressure being 3,000 psi. The hydraulic fluid 
shall conform to MIL-H-5606A. The full capacity of the system is 50 
liters. 


Pressure supply system consists of the following nine systems: 


ystem pressure 
oystem (psi) remarks 


Windshield Wiper 2000 
Non-Essential | Ground Cooling Fan Approx. 1500(Max)|2ea Series 
Propeller Brake 3000 


Landing Gear 3000 Зее сп. 3 | 
(Nose Up 2000) | 
Essential Steering 3000 " 
Flap 2000 See ch. 7 x 
Stair Way 3000(Up) 
1200(Dn) 
Brake Normal & Parking Brake 1200 See ch. 3 
Fmergency Brake 2300 " 


The control valves for all the operating systems are arranged in the nydraulic 
compartment. The indicators, warning lights, control switches and control 
levers of the hydraulic system are arranged in the copilot flight instru- 


ment panel. 


The ground test stand connection is located in the starboard nacelie. 
It is used in place of the starboard engine driven pump. 
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1) Check valve | "T 
о) Door actuating cylinder 52) 
3) Door lock cylinder 53) 
4) Door close sequence Ув] ув 5%) 
5) Door open sequence Valve 55) 
6) Stair sequence valve 56) 
T) Bestrictor 57) 
B) Stairwey actuating cylinder 58) 
9) Door relief valve 55) 
10) Stairway control valve 60) 
11) Reducing relie? valve 61) 
12) 1.1.0. acvuating cylinder 62) 
13) 5.2.6. up-lock cylinder 63) 
lh) Nose wheel steering Control valve (L) 
15) Filter 6s) 
16) Wiper reducing relie? valve 66} 
17) Nose wheel steering actuating 67) 

cylinder 68) 
18) Back pressure valve 69) 
19) Wiper window unit 70) 
20) Wiper control unit 71) 
21} Wiper speed control vaive 72) 
22} Propeller breke T3) 
23) Engine driven punmp-varisble Th) 

delivery 


23!) Engine driven pump-constent delivery 
24) M.L.G up-lock cylinder 

25) M.L.G by-pass valve 

26) M.L.G actuating cylinder 

21) Swivel joint 

28) Brake lock-out cylinder 

29) Bleeder valve 

30) Shuttle valve 

31) Emergency shut-off valve 

32) Propeller brake control valve 
33) Landing gear control velve 
35) Anti-skid control valve 

35) Power brake valve 

36) Flap control valve 

31) By-pass valve 

38) Emergency brake valve 


39) Emergency landing gear release 
valve 


0) Unloading manifold 
hl) System relief valve 
42) Flap relief valve 
43) Manifold 

4%} Flow regulator 

45) Flap torque motor 
56) Seal drain 

47) Emergency hydro pump 
48) Exterior drain 

9) System accumulator 
50) Emergency accumulator 


Controllable check valve 
Pressure guage 

Air charging inlet 

Swing check valve 

Air filter 

Drain plug 

Air storage reservoir 

Relief valve 

Pressure regulator 

Reservoir change З-ыву cock 
Fluid quantity tracsnitter 
Reservoir 

Reservoir relie? valve 

Drain valve 

Anti-skid pressure roduiator 
Pressure transmitter 

Snubber 

Pressure switch 

Ground cooling fan shut-off v 
Priority velve 

Pressure reducing relief valv 
Ground cooling fan 
Test stand connects 
Shut-off valve 
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6.2.1 Main System 


(1) 


(2) 
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General 


m+. z : 3 yo ' +] 

Anis system consists of а hydraulic pressure source system with two 
engine ariven hydraulic pumps, a return oil system fram all operating 
systems, а reservoir und its pressurizing system. 


hydraulic fluid is fed to the engine driven nydraulic pumps mounted 
on the front of both starboard and port engine gcar boxes from tne 
reservoir of the hydraulic compartment by a 1"¢ pipe. In the inter- 
mediate part (WS. 2000 on the back side of the wing rear spar) of the 
Pipe, an emergency shut off valve is located to shut off oil supply 
to the pumps in the event of an engine fire. 


Pressures of nyGraulic oil, regulated at 30004100 psi in case of tne 
L.H. side variable pump and 2600 to 3100 psi regulated by the unload- 
ing valve in case of the R.H. side constant pump are fed to the con- 
trol valves of eight hydraulically operated systems (except for the 
emergency, brake). When no hydraulic pressure is used during flight, 
the pump load can be reduced by using the by-pass valve which keeps 
the unloading valve at rest. 


Hydraulic oil used in each system goes back to the reservoir through 
the following two independent return lines: 


(А) System return line, 
(B) Brake return line. 


Ihe purpose of making these lines independent of each other is to 
prevent the surge pressure of the system return line from affecting 
the brakes, While the system return oil goes through the check 
valve to the filter in the reservoir, the brake return oil passes 
through neither the check valve nor the filter in ine reservoir to 
facilitate return from tne brakes. 


Operation Check (System Internal Leak Check] 


Connect the hydraulic test stand and ground power unit to the aircraft 
and set the by-pass lever to NORMAL. 


(A) Set tne pressure of the hydraulic test stand to 3,000 psi and 
the flow rate to 10 GPM. | 


(B) The cut-out and cut-in time shall be more than one minute and 
20 seconds. 
(C) After another cut-out, set the by-pass lever to By-Pass and stop 


the hydraulic test stand. At this point, check that the nydraulic 
pressure gage of the aircraft indicates more than 3,000 psi. 


р) АНТЕ Link required Гог the пуцгацд11 7 pressure до ‚Т Ж" Alr- 
craft to drop to 2,000 psi shala be more than 30 minatel. 


6.2.2 Hydraulic Reservoir 


specifications 


Full capacity: CU Ë 
Full oil capacity: 23.54 
Normal oil capacity: 15.12 
-mergency oil capacity: 7.32 
Expansion space: 5.52 
Proof pressure: 50 psi 


The hydraulic reservoir is located in the hydraulic compartment ana is 
common to the main and auxiliary systems. 


The emergency side suction port is lower than the main side so tnat емел 
if the hydraulic oii of the main system runs short, 7.8 liters of nydcrauiic 
oil can be used by the emergency pump. 


The position of the reservoir is lower than that of the engine driver 
hydraulic pump so that engine bleed air is used for its pressurization. 


Brake return with low flow rate goes directly into the center of the 
reservoir, while system return goes from the return chamber through tn 
filter into the center of the suction chamber. If the filter is blocxec, 
the relief valve mounted on the return chamber is actuated, permitting oil 
return to the suction chamber without passing through the filter. ‘The 
opening pressure of the relief valve is 640.5 psi, while the closing pres- 
sure 1$ 5.3+0.5 psi. 


In the center of the reservoir, an oil quantity gage transmitter is sus- 
pended from the celling. Tne sight gages have Full and Refill marks to 
indicate how much oil is contained in both accumulators. 


6.2.3 Hydraulic Reservoir Pressurization System (Fig. 6-2) 


Bleed air from the 2nd stages of both engine compressors goes through the 
air filter and swing check valve to the air storage reservoir (located 
just below the hydraulic reservoir). 


This reservoir accumulates 2.1 liters of bleed air and serves as the air 
pressure source of the hydraulic reservoir. 


Air from the air storage reservoir goes into the air pressure regulator. 
Between these, a relief valve is located which holds down the pressure 
of the air storage reservoir to less than 100 psi. 


The air pressure is regulated to 25 to 30 psi by the air pressure regula- 
tor and goes through the manual 3-way valve to the upper part of the hy- 
draulic reservoir. With the manual 3-way valve in normal position, air 
goes from the regulator into the reservoir. To open the hydraulic reser- 
voir, place the valve in closed position, and the air in the air storage 
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reservoir is stored, whlle the air in the hydraulic reservoir is expelled. 


At the front right of the hydrnullc reservoir, а relief valve is locates 
which relieves the internal preusure of the reservoir when it ресасев 20ге 
than 22 psi higher than the internal pressure of the aircraft. 


6.2.4 Engine Driven liydrnulic Pump 
(1) General 


The L.H. side pump is of variable delivery type and the E.z. zide pump 
is of positive displacement type, both being vickers products. 


The delivery rates of the pumps are 8.19 GPM (Max. 8.65 СРМ) 
ing in case of the variable delivery type (L.H. side) and 7. 
(Мах. 8.25 GPM) at cruising іп case of the positive dispiacezer. 
The delivery pressure of the pump of the former type ів automat.c@..7 
regulated but the pressure of the pump of the latter type is nov. 
Therefore, it requires an unloading valve for the pressure regulation. 


4 


(2) Operation Check 


b. 
(A) Start one engine by normal procedures and set the engine speec 
to 7,500 грп. 


(B) Set the by-pass lever to Normal. 


(C) Check that the hydraulic pressure gage of the aircraft indicates 
і 2,600 to 3,100 psi. 


(D) Set the ground cooling fan switch to "ON". Then, check that the 
hydraulic pressure gage indicates 1,900 to 2,100 psi. 


(E) Set the ground cooling fan switch to "OFF". 
(P) Start and set the speed of the other engine to 7,500 rm. 


(G) Set the ground cooling fan switch to "ON". Then, check that the 
i hydraulic pressure gage indicates to psi. 


6.2.5 Unloading Manifold 
(1) General 


This is located just before the maintenance hole of the hydraulic 
compartment and is designed to regulate the pressure of the main hy- 
draulic system. It is a combination of а manifold, ап unloading valve, 
five check valves, a restrictor and a relief valve. 


Hydraulic oil discharged from the engine driven pump goes into the 
unloading valve, passes through the dash pot check valve, and goes 
into the manifold where it is distributed among four circuits. One 
of the circuits leads to the regulator of the unloading valve. 


" If the system pressure reaches 3,050 to 3,100 psi, tne regulator is 
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actuated, pushing the piston upward and Jetting the nydraulic oil 

from the pump escape directly into the return line. (Cut-out) To 
adate this operation, û restrictor is located in tne sensing line. 
During the slow operation, however, the hydraulic oil from tne pump 
enters the system and increases the pressure too much so tnat a relief 
valve is provided which lets the hydraulic oil escape. 

The dashpot check valve mounted to the top of tne unloading valve 
prevents the pressure oil fron flowing back. 


CT 


‘essure drops to 2,600 to 2,800 psi, the piston comes 
ts orf the return port so that the hydraulic oil from the 
pump begins to enter the system side again. 


4 
ез, 
r+ 
ES 
г, 
ef 
< 
Ж 
Y ct 
г) 
zi 
"rj 
be 


in this manner, the system pressure is maintained at 2,575 psi to 
3,200 psi at all times through the repeated cut-in and cut-out of tne 


unloading valve. 
(2) Operation Check 
Connect the hydraulic test stand and ground power unit to the aircraft. 


the pressure of the hydraulic test stand to 3,000 psi and the 
iow rate to 10 GPM. 


(B) Increase the pressure gradually. 


Спе that the pressure gage of the test stand drops from 3,050 to 
3,100 psi quickly to 0 psi or its vicinity. 


1 , check that the hydraulie pressure gage of the aircrart 
indicates to psi. 


(E) While keeping close watch on the indication of the hydraulic 
pressure gage of the aircraft, make sure that the indication 
increases quickly to 2,700 psi or its vieinity. 


NOTE: After connecting the test stand, check that the emergency 
shut-off valve is in opened position. 


This valve is located on the forward wall of the hydraulic compart- 
ment and is operated through a cable by the by-pass valve control 
lever on the right console of the cockpit. The by-pass valve has 

hree ports, "Pressure", "Return" and "Accumulator". 

The hydraulic oil from the unloading manifold goes into the "pressure" 
port and hydraulic oil from variable pump goes into the "Асс" port. 


With the valve at "Normal", the pressure port and the accumulator 
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0.2.8 Syvotem Accumulator 


Two accumulators are located just vehina tue maintenance cole of the ny- 
draulic pressure compartment. 


It із of round diaphragm type and stores арргох. 0.55 gol of 5,202 psi 
hydraulic oil. 


With the by-pass valve at "Normal", it operates as an ordinary system 
accumulator. At "By-Pass", it operates as an emergency accumulator Гог 
normal brakes. 


6.2.9 Auxiliary System 
(1) General 


This system consists of an auxiliary pressure source using an ешег- 
gency motor driven hydraulic pump, piping system and electrical con- 
trol system. 


Ine reservoir it uses is common to that of the main system but the 
suction pórt of the emergency side is lower than that of the main side 
So that even if hydraulic oil in the main system runs short, T. 

liters of hydraulic oil can be used. 


Power supply for the emergency pump is taken from the DC emergency 
bus. With the emergency hydraulic pump switch at "ON" or with the 
stairway selector switch at "Up" or "Down", the pump starts running 
and the emergency hydraulic pump indicating light (amber) comes on. 


Ine hydraulic oil pressurized by the emergency pump is passed through 
the filter and is divided among tnree systems. Among them, there is 

a line which leads to the emergency pump relief valve.  Tne pressure 
is regulated by this relief valve. Each of these lines is provided 
with a check valve. Except for the emergency brake they are connected 
to the normal system lines, except the emergency brake system. 

(All return lines are common to the main system.) 


The purposes of this system are as follows: The system can be operated 
even with the by-pass lever at "By-Pass". 


(А) Аз normal hydraulic pressure source 
a. For operation of emergency brake system 
b. For operation of stairway in the event of engine failure 
с. For servicing work 

(B} As emergency hydraulic pressure source 


a. For operation of landing gear control, steering and flap 
systems. 
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(5; Measure the time between when the emergency hydraulic pump switch 


is set to "CON" and when the low pressure warning lignt goes out. 
„пе time shall be less than one minute. 


11 


(C) Run the emergency pump for another minute. Check that the emer- 
gency accumulator pressure is 3,000 to 3,050 psi. 


6.2.10 Emergency Hydraulic Pump 
e pump 15 a Vickers product. t is а constant-discharge pump driven by 
25V DC motor located in the rear of the hydraulic campartment, to the 


gnt of the hydraulic reservoir. The discharge capacity is 1.1 GPM at 
3,000 psi. 


6.2.11 Hnergency Hydraulic Puno Relief Valve 
Located the side of ground cooling fan Priority valve of the air condition- 
ing compartment, it regulates the pressure of the auxiliary system. 
Tne relie? pressure is 3,000220 psi. 

6.2.12 Indicating System 


As indicatcrs for the hyaraulic pressure system, the following are pro- 
vided on the copilot flight instrument panel. | 


Hydraulic quantity indicator 
hydraulic pressure indicator 
Emergency brake accumulator low pressure warning light 


NOTE: Refer to the Instrument System. 
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Propeller Failure 
Ra e E 


.1 Propeller Overspeed 
г “а” ? d à | 1 1 
17 a propeller shows any Signs of obvious malfunctioning or overspeeding, 
carry out the feathering procedure immediately., 
1 | : | L. | | 
іг the propeller will not feather either manually cr automatically, reduce 


airspeed immediately as much as possible. 

A further feathering attempt should be made. 
If unsuccessful, descend as low as possible, keeping low airspeed ав much as 
possible, 


At the minimum safe altitude, make another attempt to feather at a safe 

low speed. 

While 16,500 r.p.m. in the overspeed limit for 20 seconis, апу speed above 
15,000 г.р.п. for full throttle, or that over the normal r.p.m. for part 
қимылы, lasting for more than a few seconds, could be ecnsidered as over- 


| 
speed; and, if there is any doubt, the propel: ler should be feathered. 
Pror eller windmilling characteristics are a function of true &irspeed and 
: i 
descending to a lower altitude will give a clower rotation for the same 


indicated airspeed, Therefore, in any cases or failure to feather, it is 


essential to reduce airspeed and altitude as quickly as possible. 
* 


6.13.2 Failure to Feathering 


In the event of a propeller failure to feather, s true airspeed of 227 kts 
must not be exceeded in order to prevent engine overspeed. Іп this case, 

the limitation on the strength of the fuselage also must be taken into 
account. Refer to Section „Жү Ж Chepter б. 


6.13.3 Failure of Low Stop 


ТР the low stop unsafe light or the below low stop light come оп in flight 
for апу гез зоп, cheek that the low stop lever is in FLIGHT position. 

If these lights are on though the low stor lever із in FLIGHT position, 
pay full attention, if necessary. 

During approach to land, sufficient power should te used to ensure that 
the propeller is kept ghove the switch set at 12°, althouch the pitch 
coarsening system will still be effective. 


6.13.4 When High Stop Fails to Engage 


If the high stop unsafe light cones on over the true airspeed of 187 kts, 
the propeller emergency Switch must be placed in EMERGENCY position before 
increasing the speed. If the high stor unsafe lights are still on even 
after this procedure, the true airspeed should not exceed 227 kts. In this 
caze, also the limitation on the strenmth cf the fuselace must be taken 
into account, Refer to Section 5.7.4., Chapter 5. 

If the high stop remove light remains on at the true airspeed of more than 
127 kts, make sure that the H.P. cock lever is not in LOCK OUT position. 

If the light is still on even after the Н.Г. cock lever is moved into FUEL 
ON position, carry out the aforementionei procedure. 
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(2) 


(3) 


port are connected to each other, and the pressure of hydraulic oil 
trom variable D is fe 
pump 18 fed to the hydraulical operated system (except 


for the emergency brake}, 


At "By-Pass", the pressure port and the return port аге connected to 
each other and the system pressure escapes to the return line, de- 
creasing the loads to the unloading valve and В.Н. engine driven 
pump. Under this condition, the L.H. side variable pump feeds 
pressure oil to the accumulator and the normal brake system. 


Adjustment 

The rigging үле are shown in Fig. 6-7. 

(A) Accomplish adjustment at the "Normal" position. 

(B) Make sure that the cable tension is 2944 lbs (70°F+0.4 10/9Ғ) 


(C) Determine the length of the by-pass valve arm (8) by pressing 
it down by hand until response is felt. 


(D) Adjust the position of the control lever by the adjust plate. 
` 


Operation Check 


Connect the hydraulic test stand and the external power unit to the 
aircraft. 


(A) Set the pressure of the test stand to 3,000 psi. 


(B) Operate the by-pass lever and check that there is no abnormal 
load 


(C) Apply foot pressure on the brakes until the hydraulic pressure 
gage of the aircraft indicates 0, with the by-pass lever at "By- 
Pass". 


(D) With the by-pass lever in "NORMAL", check that the pressure gage 
of the aircraft indicates 2,700 psi. Then, move the lever to 
"BY-PASS". 


(E) Check that the indication of the pressure gage of the test 
stand decreases quickly from 2,700 psi to O psi and that the 
hydraulic pressure gage of the aircraft stays near 2,700 psi. 


6.2.7 System Relief Valve 


The valve is mounted in front of the man hole in the hydraulic compartment 
to the left of the flap gear box. This provides system surge pressure 
relief and serves as a safety device when there is trouble in the unload- 
ing valve and the emergency hydraulic pump relief valve. 
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Opening pressure 3,160 pst 


Full opening pressure 3,300 Ze? psi 
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1$, hydraulically driven wiper blades аге рго- 
gin drops. The wiper control knob is located 
о 


— 


the cockpit. The wiping speed of tne wiper is 


e of the wiper blade is 74°. Even if one blade is frozen, 


1 wi 1 
+ Vx чь. V ص‎ a a ы ” 
өле OVNHeY one can continue its operation. 


ol valve is opened, the hydraulic oil with pressure 
si by tne wiper reducing valve goes into the control 


The hydraulic oil acts оп the right end of the lock valve, pushes 
= 


i % 
tne valve toward tne left, and opens tne oil path which leads to the 


ectionel valve has the pilot valve held 


At the seme time, since tne air 
towarā the left, it is pushed toward the left by hydraulic oil. 


E 


AS & result, the right side of the two oil paths from the lock valve 
пе window unit permits hydraulic oil flow, while the left side 
rot 1 
2 € = 


Tne piston in the window unit is moved inward by hydraulic oil, while 


the wiper blades аге rotated outward. 

I? the piston in the window unit reaches its extreme end, the hydraulic 
pressure rises to 1,000 to 1,100 psi, acts on the right end of the 
Gouble acting control valve, and pushes the valve to the left. This 
switches the hydraulic oil path to the pilot valve and directional 
valve in that order. Then, the control valve returns to the original 
neutral position and fixes the pilot valve. 


The blades are moved inward. 


SA 


wee 


freely movable condition because the oil pressure dies out. The 
ock valve is pushed to tne right by a spring, closing the two oil 


the speed control valve is closed, the directional valve is placed 


ا be‏ نم 
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soon as turn over 
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Wiper Hydraulic System Schematic 
Figure 6-11 


vaths to ihe window unit, nna stopping blades. 
0.3.2 Operation Check 


(1) "he speed shall be №00 strokes or more with the speed control valve 
in fully opened position. 


(2) lt shall perform smooth operation even nt 150 strokes or less. 


(3) Even if one blade is held with fingers, the other shall be able to 
function normally. 


NOTE: Sprinkle water over the front surface of the windshield before 
the check. 


6.3.4 Window Unit 


At the lower right and left ends of the auxiliary panel, is located the unit 
which contains а piston and wiper shaft in its body. At the end of tne 
wiper shaft, а wiper blade is located. Inside the piston, a sleeve type 
relie? valve is provided. This relief valve is a double acting relief 
valve. If the piston stops operation and the oil pressure exceeds 

625410 psi, this relief valve relieves pressure. Because of this function, 
even if one of the two units becomes inoperative, the other continues 
normal operation. If both units reach the extreme end, the oil pressure 
becomes 1,000 to 1,100 psi because these units are arranged in series. 

ine pressure acts on the control unit and switches the hydraulic and re- 
turn oil paths. 


This enables the wiper to repeat reciprocating operation, 

6.3.5 Control Unit 
This is a unit to switch the oil paths to the window unit and to enable 
the wiper blades to repeat reciprocating operation. 1% is located on 
the front of the seal wall in the upper part of the nose gear well. 


It consists of the following four valves: 


(1) Double Acting Valve 


If the two pistons in the window units reach the extreme end and the 
oil pressure increases to 1,000 to 1,100 psi, the valve is pushed 
toward one side and switches the oil path leading to the pilot valve, 
thus reversing the direction of oil pressure to the window unit. 

If the window unit operation is switched, this valve returns to the 
neutral position and locks the pilot valve in that position. 


(2) Pilot Valve 


The oil paths to the directional valve are switched by this valve. 
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Directional] Valve 


(3) 


The oil paths to she 
by thie valy 


Lock Улуус 


Тиль Valve locas the 
sary motion. 
6.3.6 Speed Control Unit 
Located on the top of tne 
by a needle valve and orif 


wiper binades. 
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This із ап auxiliary system to be used when the alreraft io on tne ground 
and no surficiont cooling rum nir is uvailable from the heat cxcnanper., 


6.4.2 Operation 


the ground cooling, fan switch of the КП console is set to "ОП", tne 


The priority valve is opened when the oil pressure reaches 2,100 psi, ana 

1 the hycraulic oil drives the ground cooling fan. If the oil pressure drops 
to 1,900 psi, the priority valve is closed and the hydraulic oil ploczed 
to secure brake pressure. 


Fe two ground cooling fans are connected in series and the return line is 


provided with a restrictor (orifice) in order to subdue the pressure 
pulsation. 
x 


The ground cooling fan motors are approx. 50HP hydraulic motors and drive 
the fans mounted on the primary and secondary heat exchangers. 


During tne time the hydraulic motors are at rest, the fans alone can be 
idled by ram air. 


6.4.3 Operation Check 


(1) Increase the oil pressure of the aircraft and check that the cooling 
fans start running at 2,100 psi. 


(2) Lower the oil pressure of the aircraft and check that the fans cease 
to rotate at 1,900 psi minimun. 
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6.5 Propeller Brake oystem 

6.5.1 General 
The port propeller has а brake to ntop the propeller in a ghort tine. 
The огаке assembly is located in the port genr box nnd holds the genr box 
drive shaft. 


6.5.2 Operation 


The system can be operated only when the aircraft 15 under the following 
conditions: 


(1) Scissors relay Ground 

(2) No. 1 eng. HPC Fuel off 

If the propeller brake switch located at the left end of the auxiliary 
panel of the cockpit is set to "ON", the pressure port and cylinder port of 


the propeller are connected to each other. 


Designed for solanoid operation, this control valve, operated by a solenoid, 
forms the following circuits: 


Press Ret. Press Het. 


Cyl Cyl. 


The hydraulic oil passed through the propeller brake solenoid valve is 
applied to the propeller brake unit of the gear box and controls the brake 
disc. This brake disc applies brakes on the propeller shaft through the 
gear box drive snaft. 


6.5.3 Operation Check 


(1) With the HPC lever at "Fuel Off" and the propeller brake switch at 
"ON", check that the propeller cannot be rotated by hand. 


(2) With tne HPC lever at "Fuel ON" and the propeller brake switch at 
"ON", check that the propeller can be rotated by hand. 
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6.6 


Stairway Oy S torni 


6.6.1 чепега1 


The stairway system is operated hydraulically and controlled electricaliy. 
whe stairway components include: 


(2) rassënser entrauee door and door actuating mechanism. 
(2) Door lock mechanism 

(3) Stairway assembly 

(4) Platform assembly 

(5) Hydraulic system 

(ó) Electrical system 

\7) Emergency control system 


Тре passenger entrance door is opened and closed as shown in Fig. 6-18 by 

a link mechanism installed under the floor. The door is actuated by а 
hydraulically operated cylinder. The door is locked in opened position 

оу the stopper of the link mechanism located under the floor. Іп closed 
position, the door is locked and tightened to the aircraft by a latch rod 
built in the door. The latch rod of the door is actuated by a hydraulicai- 
ly operatea door lock cylinder. 


The stairway assembly is of three-fold type and is mounted on the attach- 
ment fitting under the floor (WP-850, BP-1000) by the bent head fitting 
located on the top of the stairway assembly. The stairway is retracted 
and lowered by a hydraulic cylinder (stairway actuating cylinder) mounted 
or the torcue tube located at the end of the bent head fitting. The 
stairway has a hinge uncer the floor. 


ween it is retracted, it is erected in three folds so that a portion of 
tne aisie floor plate must move together with the stairway. The floor 
plate which moves with the stairway is the platform assembly. In up 
position, the stairway is locked by a mechanical lock mechanism, but has 
no lock mechanism in down position. 


Tne stairway is actuated by hydraulic oil supplied by the emergency hydrau- 
lic pump. The hydraulic circuit is connected to the landing gear down line. 


The stairway can be controlled from both inside and outside the aircraft. 
Inside the aircraft, the control switches and indicating lights are located 


on the forward stewardess panel. Outside the aircraft, they are located 
at the external power supply connection panel on the nose end of the fuse- 


lage. 


© 
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A. Forward stewardess panel 
(A) Mechanical lock handle 
(B) Stairway selector switch 


(C) Indicator lights 


emergency hydraulic pump ............ Amber 
Prop Drake .......... sss aasan... . Green 
Limit switch failure warning ....... . Red 


B. External power supply connection panel 
(A) Stairway selector switch 
(B) Indicator light 
Emergency hydraulic pump ....... Amber 


Power supply for the electrical system is taken from the DC emergency bus. 
The control circuit is formed only when the aircraft is on the ground. 


` 
When there is trouble in the hydraulic and electrical systems, the stair- 


way can be brought down by an emergency control system. Unlock the door 
by the manual nandle, push the door open by hand, and push the stairway 
down. 


6.6.2 Operation of Stairway 


The aircraft must be in the following conditions. 


A. Scissors relay .................. 4... Ground 
В. L/G selector lever ..........,,4+,4.. Down 

С. HPC 1еуег.......... i жэ» атаа Fuel off 
D. Prop brake ........... sesso ess nS ON 


(Otherwise, the electrical and hydraulic circuits are not formed.) 
(1) Stairvay Down 


Operation from inside the aircraft 


(A) f the mechanical lock handle is set to "Unlock", the door lock 
limit switch is set to ON and the door open warning light 
(amber) of the cockpit comes on. 


(B) If the stairway selector switch (momentary switch) is set to 
"Down", the emergency hydraulic pump relay is energized, the 
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Luteh rod. 


I^ the door is locked by the door lock cylinder, the door locz 
limit switch is set to ОРГ at the stroke end and tne emergency, 
stepping the hydraulic pump. At the same time, tne selector 
valve is returned to the neutral position. 


A 


Then. the indicator lights (amber) of the control panel and the 
cockpit go out. 


Next, the stairway selector switch is set to "OFF", 
(C) Mechanical handle "Lock" 


Then, the door open warning indicator light (amber) of the 
cockpit goes out. 


Operation fron outside the aircraft 


The operation is the same as that from inside the aircraft. 
The only difference is that the last mechanical lock handle 
cannot be locked. 
A 
6.6.3 Component Mechanisms 


(1) Door and Door Mounting 


Tne passenger entrance door has no pressure lock and open lock necn- 
anisms employed for the other doors. 


Zach peripheral side of the door is provided with a roller to facil- 
itate opening and closing the, door. On the center surface (inside) 
of the door, a hinge is located which is mounted on the aircraft by 

a large curved arm. On the lower surface of the door, a door actuat= 
ing mechanism lever is located. 


(2) Door Lock Mechanism 


The passenger entrance door is locked in closed position by a latch 
“ой as in the case of the other doors. There are 10 latch rods in 


total. 


Tne aircraft is provided with, a hydraulically operated door lock 
cylinder. This cylinder rod is provided with a rack. ‘Two push- 
pull rods, which are moved by a pinion system engaging with the rack, 
extenü toward the door. One is provided for locking the door, while 
the other is for unlocking the door. 


The door is provided with 4 push-pull rod having a rack which is pushed 
by the push-pull rods on the aircraft. The pinion, which is engeged with 
the rack, rotates and the crank mechanism coaxial with this rotates the 
torque tube which moves the latch rod and performs lock-unlock operation. 


Оһ 
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6 Figure 6-20. 
Раде HO 


пом СПЕЦЫ ати rall 
Gp side ает іне aircraft floor 


The hand rail aud link mechanism are employed to fold the sta rvay 
when it іс operated, The hand rail support posts arc mounten on tr 
Stuirway proper und are provided with oilless bearings to permit 

free rotution round the mounted points. These are operated by roiiers 


at the bottom end of the first support post assembly. «пеп the 
stairway proper is driven by the stairway actuating cylinder, tne 
rollers move along the guide rail under the floor of the aircraft. 
Аз a result, the stairway proper and the hand rails are foided into 
three by their link mechanism. 


Ine step lignts are controlled by the No. 1 down limit емізер. aif 
the entrance light switch on the forward stewardess panel is set to 
ON, the light comes on when the No. 1 down limit switch is cut off 
(emergency hydraulic pump stopped) at 20° before the fully down 
position, 


(5) Emergency Control System 


snis isya system designed to lower the stairway manually wnen there 
is trouble in the hydraulic electrical system. The system, however, 
cannot be used to bring the stairway up. 


Rotate by the manual handle the gear rotated by the rack of tne 

door lock cylinder and release the door lock. This manual handle 

15 usually accommodated in the upper shelf of the forward cargo 
compartment. Release the lock, push the door open by hand, and lower 
tne stairway proper by hand. 


(6) Platform Assembly 
This forms the passenger entrance aisle when the stairway is bDrougnt 
down. The platform link mechanism is kept in contact with the torque 


tube at all times by a spring so that tne assembly is actuated along 
with the motion of the torque tube of the stairway proper. 


6.6.4 Door Warning System 


When the door is opened, the door opening warning light of the copilovw's 
side panel of the cockpit comes on. 


"his system consists of under-floor door and above-floor door systems. 
The end o? the latch rod of each door actuates a micro switch. 
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Hydraulic Power System - Description and Operation 


1. GENERAL DESCRIPTION 


A. Type Closed center system 

B. Hydraulic Fluid MIL-H-5606 (mineral (red) oil) 

C. Pressure 3,000 psi (210. 9 kg/cm”) 

D. Lanes Pressure lines - stainless steel tubing 


(MIL-T -6845) 


Return Lines - aluminum alloy tubing(5052-0) 
E. Joint "AN" standard type (flare type) 
F, "Total Quantity of 14.5 gal(5.5£),including 6. 22 gal (23. 5£) 
Hydraulic Fluid in the reservoir 
G. Operating System 9 systems as follows 
Non-essential (1) Propeller Brake (3000 psi) 


(2) Ground Cooling (Approx. 1500 psi) 


Up 3000 psi 
Dn 1200 psi 


(4) Windshield Wiper (3000 psi) 


(3) Stairway ( ) 


Essential (5) Steering (3000 psi) 


(6) Landing Gear (3000 psi, Nose up 2000 psi) 


(7) Flap (2000 psi) 
Brake (8) Normal and Parking Brake (1200 & 800 psi) 


(9) Emergency Brake (2300 psi) 


H. Working Temperature Range -65°F (-54°C) to 160°F (71°С) 
J. Pressure Source Engine-driven hydraulic pump (VD) 2 each 
Motor-driven hydraulic pum (CD) 1 each 
2. COMPOSITION 
A. Main Hydraulic Power System 
The main hydraulic power System consists of a pressure supply system 


including engine-driven pump, the reservoir and its pressurization system, 
the return line system, the depressurization valve and its control system. 
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NOTE 


The emergency brake accumulator manual dump 
valve is also included. 


B. Auxiliary Hydraulic Power System 


In this system, the pressure supply system provided with the motor-driven 
pump and its electrical control system are included. 


C. Hydraulic Indicating System 


This system includes the hydraulic fluid quantity and pressure indicating 
system and the electrical system for the warning lights. 


The hydraulic power system is grouped into the above-mentioned three systems. 
For further details, see their respective descriptions given under the head of 
"Description and Operation", 


3. PERFORMANCE CHART 


Reservoir Total Space 7.66 gal (29.00 
Oil Capacity 6.22 gal (23.52) (Refill 5. 71: gal (21.6 £) 
Emer Hyd 2.06 gal (7. 8£) 
Air Space 1.45 gal (5.54 
Pressurization 25 to 30 psi Abs. 
Air Relief 22 psi G 


Engine-Driven Variable Delivery Pump 


P Variable Delivery 
Eng. rpm ump rpm Full Flow 


T/O 15, 000 8.65 GPM (32.7 LPM) 


Cruise 8.10 GPM (30.6 LPM) 


6.35 GPM (24.0 LPM) 


Landing | 11,000 


Variable Delivery Pump 3980 rpm 
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Fig 1 Hydraulic Power Schematic 


= 4 — 
| C 
Emergency Pump Vickers, Motor Driven Fixed Displacement Type 
Output 1.1 GPM 
system Pressure 
Variable Pump 0 Flow Press 2,900 to 3,000 psi 
system Relief Crack Over 3,160 psi 


Full Open 3,300 + 59 psi 


Emer Pump Operating Contro..ed by Emergency Pump Relief 
3,000 š 58 psi 


Flap Reducing 2,000 + 50 psi 
Accumulator 


7.5 in (Emer Brake Sys 198 cu in (0. 86 gal (3.24) ) 
and Normal Sys) 


A 


4. TEFLON HOSE 


The specification for the teflon hose changed to new specification in the hydraulic 


system. С) 
— SC SEW 


MIL-H-38360A Amend 1 | MIL-H-38360A 


High Press Hose 


MIL-H-25579C 


Medium Press Hose MIL-H-25579B Amend 3 
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Engine-Driven Hydraulic Pump - Operational Test 


GENERAL 


Since the iow pressure warning system is provided in each pump delivery line 


no special operation test is required. 
Ensure low pressure warning light tor each pump on the co-pilot flight instrument 


panel goes out when engine running. 


1. 


Main Hydraulic Power System - Description and Operation 


GENERAL DESCRIPTION 


The main hydraulic power system consists of a hydraulic pressure supply system 
to which hydraulic pressure is supplied by two engine-driven variable delivery 
hydraulic pump, the return line system to which hydraulic pressure returns from 
each operating system, the reservoir and 145 pressurization system. 


The hydraulic fluid in the hydraulic reservoir in the hydraulic compartment is sent 
to the engine-driven hydraulic pump installed in the front of the rignt and left ac- 
cessory gear boxes. 


The deiivery rate is regulated by the system pressure. And the fluid is supplied 
to 8 hydraulic actuating system. | | 


NOTE 


The main hydraulic power system is not connected 
to the emergency brake system among the nine 
hydraulic system. 


The worked hydraulic fluid flows back into the hydraulic reservoir in the hydraulic 
compartment after passing through the system return line and/or brake return 
line. The hydraulic reservoir has been pressurized with the engine bleed air. 


FEATURES 


A. The variable delivery pump is driven by the engine, and forms the hydraulic 
power source for the normal systems. 


B. While the hydraulic power is not used during flight, the system pressure in 
the down stream side of the de-pressurization valve is reduced by means of 
the de-pressurization valve, and the delivery of the variable delivery pump 
is reduced to null whereas the pressure is maintained at 3,000 psi. 


C. The 7.5-inch spherical accumulator is used. (Pressure remains in the 
accumulator even when hydraulic pressure is being depressed.) 


D. Some 65 percent of the hydraulic fluid in the reservoir may be used for the 
main hydraulic system and the remaining 35 percent of the hydraulic fluid 


is for the emergency hydraulic system. 


E. The return line system is divided into two. That is, the brake return line 
is separated from the system return line. The system return line passes 
through the check valve, reaching the filter in the reservoir. 


The brake system, on the other hand, passes neither through the check valve 
nor through the filter in the reservoir. This aims at avoiding giving back 
pressure to the brake system (for efficient return of the brake) and also at 
preventing the system return Surge pressure from being added to the brake. 


-ll- 


Li 


The reservoir 1$ located at a lower place than the engine-driven hydraulic 
pump; and accordingly to push up the hydraulic fluid from the reservoir, tne 
engine bleed air is added to the reservoir 


The hydraulic fluid can be supplied to the reservoir from the cabin even 
while the aircraft is flying. 


COMPOSITION (See 29-00-0 Figures 1 and 2) 


The main hydraulic power system consists of the following components and lines. 
For the details of each of these components, see their respective description. 


А. 
В. 
С. 


П. 
Е 
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Engine-Driven Hydraulic Pump 
Hydraulic Reservoir 

Hydraulic System Accumulator 
Hydraulic Depressurization Valve 
Hydraulic System Relief Valve 
Main Hydraulic Filter 


Emergency Hydraulic Shut-off Valve @ 


Hydraulic Ground Test Connection 

Air Storage Reservoir 

Hydraulic Reservoir Air Pressure Regulator 

Hydraulic Reservoir Air Pressure Relief Valve 

Hydraulic Reservoir Air Manual 3-Way Valve 

Hydraulic Reservoir Air Pressure Gage 

Emergency Accumulator Manual Dump Valve 

Start By-Pass Valve 

Lines and Joints 

Generally, the high pressure lines and other lines in the nacelle are fabricated 
of stainless steel, while the return line and low pressure line fabricated of 
aluminum alloy. Moreover, wire-braided hose is used where the suction line 
is connected directly to the engine-driven pump. 

The joint to be employed is, generally, of the "AN" standard flare type. C 
The low pressure lines, in the flap well, however, has been provided with 


a flexible joint at two places because the line is large in diameter and is 
liable to an influence of the deflection of the wing. 


C. 


29-10-0 


(4) Selector Relay 

(5) Ignition 

(6) Hydraulic By-Pass 
(7) Prop. Brake 

(8) Starter Master 


(9) Engine Selector 


“gle> 


Circuit Breaker "ORK" 


Circuit Breaker (4 са.) "OFF" 


Circuit Breaker "ON" 
"ORR" 
Switch "START" ог BLOW OUT" 
Switch "Мо.1 or No. 2" 
NOTE 


Do not enter into the propeller rotating disc, while 
following the above procedures, because the pro- 
peller may turn unexpectedly. 


Rotate the propeller for five minutes by hand. 


D. Motor the engine for 30 seconds in accordance with the "BLOW OUT" 
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procedures. 


1, 
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Depressurization Valve Control System - Adjustment 


GENERAL 


The following description covers the whole depressurization valve control svstem; 
nowever, when only the depressurization valve is replaced, make the adjustment 
by tollowing the paragraphs from Е to H and L. 


ADJUSTMENT 
А. Loosen the adjusting plate (1). (Detail D.) 
В. Set the control lever (2) to "NORMAL". 
C. Adjust the length of the rod (4) so the indication bracket and the rigging mark 
(3) may agree with each other. (Details A and С.) 
D. Remove the rod from the depressurization valve and insert the rig pin (7) in 
the pulley (6). (View E.) 
E. Adjust the cables to 29+ 4 lbs. (13 = 2 kg) tension by means of the turnbuckles 
in the electric compartment and the gyro compartment. 
NOTE 
The above-mentioned cable tension 29 +4 lbs. (13 + 
2 kg) is at 70°F (21°C). With 1°F variation of tempe- 
rature, the cable tension also varies by 0.4 lb. 
F. Push the depressurization valve arm (8) бу hand till it stops. (In this state, . 
the valve spool is in contact with the inner stop for the NORMAL position. ) 
NOTE 
Since no visual confirmation 1s possible, pay much 
attention to a response from the stopper. 
G. Determine the length (A) of the rod (5) while maintaining the state described 
in Paragraph F; and install the rod to the pulley (6). 
H. Pull out the rig pin (7) and force the control lever (2) down toward the 


"DEPRESS" position. 


NOTE 


When the control lever is moved from the NORMAL 
position to the DEPRESS position, the valve spool 
stroke is 15/32 inches (12 mm). 

(See 29-10-5, Figure 1.) 
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(2) Put the depress valve control lever in "NORMAL" position, ail auf LAF 
pressure of normal systems at 3,000 psi, then cut tne flow fromm the Stam. 
Measure the normal systems pressure 4 minutes after tne how 18 Cut, 
which shal] be above 2,000 psi. 


(3) Set the depress valve control lever to "DEPRESS position, anu Measure 
the normal system pressure, after maintaining the system pressure at 


poor 


3,000 psi for half ап hour. The pressure shall not be 1855 “паг. 2,099 p8i. 


(4) Put the depress control lever in "DEPRESS" position, and tre рага 
brake in "ON", and then bring the normal and emergency system pressure 
up to 3, 000 psi and leave it for 1 hour and 30 minutes. Ther tne 00:7. 
pressures must be measured, the normal pressure shall be above 1,050 
psi, and the measured emergency pressure shall be above 2,000 psi. 


Start by-Pass Valve - Description and Operation 


1. GENERAL (See Figure 1) 


The Start by-pass valve 15 an Operating Shut-off valve installed in the delivery 
line of the engine driven pump, up stream of the check valve, and makes engine 


start easier by reducing the load upon the pump and thereby reducing the load upon 
the starter. 


When the engine selector switch is selected at "Мо. 1", the valve in the pump 
delivery line on the No. 1 engine is opened and the pump delivery is returned 
directly to the reservoir. When it is selected at "OFF" ог "Мо. 2'' the valve 

on the No. 1 system is closed and the hydraulic fluid flows inte the main hydraulic 
accumulator to raise the accumulator pressure. When the selector switch is 
selected at "No. 2", the valve on the No. 2 System is opened. In order to confirm 
the open or close position of the valve, position indicator is provided on the vaive. 


2. OPERATION 


m 


The start by-pass valve is controlled by the engine starting circuit, i.e., 

in normal condition the close position of the vaive is connected via the nromal 
close contact of the hydraulic by-pass relay through 5A circuit breaker, and when 
the engine selector switch is selected at No. 1 or No. 2 and the start master 
switch is put in "START" or "BLOW OUT" position, the No. 1 or No. 2 hydraulic 
by-pass relay respectively is magnetized and the electrical power is supplied 

to the valve to open the valve and by-pass the hydraulic fluid. 
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OPERATION (See 29-00-0 Figure 1) 


А. 


Operation of the Reservoir Pressurizing Air System. 


The bleed air coming from the engine is reserved in the air storage reservoir 
at about 30 to 77 psig. and reduced to 25 to 30 psi of absolute pressure by the 
regulator, finally going into the hydraulic reservoir. 


As the level of the hydraulic fluid in the hydraulic reservoir goes down, the 
air is filled to the reservoir to maintain the same pressure as the initial one. 
On the contrary, as the fluid level goes up suddenly, the air pressure in the 
reservoir is increuged because the rolicf valve of the regulator is not enough 
to let the air pressure out rapidly from the reservoir, 


When the air pressure increases 22 psi more than the cabin pressure, the 
over air pressure is let out from the relief valve, (The inner pressure of the 


fuselage is about 14.7 to 10. 8 psi; and therefore it is equal to 36. 7 to 32. 8 psi 
of absolute pressure.) 


на 


The suction port of the engine-driven hydraulic pump is located some 44 inches 
high over the outlet of the hydraulic reservoir suction line. This air pressure 
provides the reservoir with the same effect as though the reservoir, contrari- 
ly, were located 280 inches higher than the engine pump. This effect grows 
the greater when the aircraft is cruising the higher altitude. 


Operation of the Main Hydraulic Power System (Depress Lever "NORMAL") 


The hydraulic fluid delivered by the pumps driven by both engines, flows into 
the main hydraulic accumulators directly through respective check valve, and 
the deliveries of the pumps are controlled by the accumulator pressures. 
These check valves are the isolation check valves to prevent the loss of the 
hydraulic pressure into the pipings of the other side on which the pressure is ` 
lost due to engine quiet or failure of pump. In between the check valve and the 
pump, the pressure switcher is provided to light the cockpit warning light when 
the pump delivery pressure does not rise properly due to pump failure. 


In normal condition, the pump delivery line is connected to the systems, and 
if none of the systems is being used, the system pressure reaches 3000 psi, 
and the delivery is reduced to null. If any of the systems is put in use, the 
system pressure is reduced, to which the compensator of the pump responds 
and starts delivery. While systems such as the ground cooling fan, flap, and 
wipers which require constant flow steadily, are being operated, the system 
is maintained at the pressure with which the pump delivery is equal to the flow 
required for the system operation. While starting the engine, in order to 
reduce the load upon the starter, the pump delivery 15 directly returned to 
the reservoir, by means of the motor driven start by-pass valve located up- 
stream of the check valve in the pump delivery line, which works in conjunct- 
ion with the engine selector switch. 


In the ground cooling system, the priority valve set at 2,000 psi is provided, 
and the system does not operate when the system pressure is below this value. 
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When the pump delivery pressure becomes abnormally high due to the taliure 4 


of the variable pump, the relief valve works to withhold the system pressure 
at 3,300 T 90 psi. 


NOTE 


The engine driven pump does not supply pressure 
to the emergency brake system. 


C, Operation of the Main Hydraulic Power System (Depress Lever "DEPRESS') 


When the depress valve control lever on the R.H. console in the cockpit is 
pushed down to the "Depress." position, the pressure and delivery oi the 
engine-driven pump become 3,000 psi and null, respectively and the system 
pressure in the down stream side of the depressurization valve is by -passed 
to return and is decreased, 

Even in this condition, the essential two systems of landing gear and Нар (in- 
cluding the nose wheel steering and the stairway fed by the L/G down line), 

and the two systems for the brake, may be supplied pressure from tne electri- 
cally driven emergency pump. 


In case the motor-driven pump inoperative, only the accumulator of the main 
and brake system serves as the pressure source and therefore other than the C 


normal and emergency brake systems can not work because oí no supply of 
pressure. 


5. CAUTIONS ON MAINTENANCE 
А, On Overcharge of the Hydraulic Fluid. 


The hydraulic fluíd may sometime be charged into the reservoir by the use of 
the ground test stand after performing the maintenance of the hydraulically- 


operated system, for example the removal of air by bleeding from the brakes 
System by using the test stand. 


In this case, however, a full care shall be taken. Because, should the re- 
servoir be overcharged, the 22-psi relief valve would not be capable of re- 
lieving the increasing pressure caused by the overcharged hydraulic fluid, 
possibly resulting in the damaged reservoir and moreover in the reverse flow 
of the fluid into the air pressure regulator and consequently the damaged re- 


gulator. Accordingly, when charging the hydraulic fluid to the reservoir, 
remember to keep open the service port. 


B. On Position of the Reservoir Air Manual 3-Way Valve at Refilling the Fluid. 


Close the reservoir air manual 3-way valve located at the upper part of the 
left, rear side of the reservoir, and the air pressure in the air storage 
reservoir can be secured. This seems to be advantageous. But, because it 

is not designed to return back open position by the spring, the valve remains 
closed if you forget to open it. So, before you close the port for the main- 
tenance of the hydraulic systems after completing the maintenance work, never 
forget to open the valve. Namely, remember to make certain that the manual 
3-way valve is properly in the "NORMAL" position. 
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Оп the Air in the Suction Line. 


In the case there is a doubt that the air entered the suction line when the 

suction line was disconnected or when the hydraulic fluid in the reservoir ` 
decreased below the suction port, be sure to perform air bleeding in accorcance 
with the procedure given in Page 301, 29-10-0. 


Also remember to make a check on the pressure of the pressurized air in ine 
reservoir after bleeding; and if the pressure is low below the specified value, 
refill it, before starting the engine. 


NOTE 


1. When disconnecting the suction line, you had 
better keep the emergency shut-off handle pulled. 


2. Bleed air from the variable delivery type pump 
sufficiently, otherwise, abnormal noises or 
vibrations take place, damaging the pump. 

L. 
When the Hydraulic Test Stand is Employed for Performing Various 
Operations. 


In this case, the fluid in the reservoir is liable to go down toward the test 
stand. (The procedure in Paragraph C will become of necessity.) 
Accordingly, during the use of the test stand, be sure to keep the reservoir 
of the test stand closed, 


Initial Pressure of the Air Storage Reservoir. 
When performing hydraulic operation by the use of the hydraulic test stand. 


or immediately before starting the first engine, never forget to replenish 
50 to 100 psi of air to the air storage reservoir, 
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Engine-Driven Hydraulic Pump Line - Ai Bleeding 


1. GENERAL 


In the case it may well be considered that the air entered the pump line, on account 
of maintenance, the hydraulic pressure was drawn out from the hydraulic reservoir 
or when any part of the suction system, such as the pump and others, was replacea, 
remove the air by bleeding from the pump line in accordance with the following 
procedure. 


2. PREPARATORY WORK 


A. 


Fill the hydraulic fluid to the hydraulic reservoir up to the mark "FULL' of 
the sight gage of the reservoir. 


Replenish the specified air pressure to the air storage reservoir. 


Make certain that the hydraulic reservoir air pressure gage is indicating 
10 to 15 psi. 


8. SUCTION LINE AIR BLEEDING 


A. 


В. 


D. 


E. 


Loosen the pump suction line by loosening the nut at the joint on the pump. 


Apply the waste and let it stand till no bubble is recognized in the leaking 
hydraulic fluid. 


Aíter ascertaining that no air comes out from the suction line, tighten the 
"B" nut. Wipe off fluid in the vicinity. 


Supply the hydraulic fluid into the hydraulic reservoir. 


Check the air storage reservoir to see if the specified air pressure is in it. 


4, OUTLET LINE AIR BLEEDING 


A. 


Raise the accumulator pressure to 3,000 psi, with the emergency hydraulic 
pump, so that no air will enter the accumulator. 


Open the by-pass valve in accordance with the following procedures. 


Connect the external power source to the aircraft, and set the circuit 
breakers and switches as follows; 


(1) Battery Switch "EXT," 
(2) Engine Start Circuit Breaker "ON" 
(3) Main Bus Vol. Circuit Breaker "ом" 
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Install the adjusting plate (1) while holding the control lever lightly 
Tighten all the lock nuts and put the safety wires to the turnbucxiles. 


Make certain of the cable tension again; and then ascertain by moving the 
control lever 2 to 3 items that there is no abnormality with it. 
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Hydraulic Power System - Operational Test 


1. GENERAL 


This operational test involves the ascertainment of depressurization valve operation 
and their control, and also of the presence of the whole hydraulic system, internal 
leakage. 

2. PREPARATORY WORK 
A. Connect the hydraulic test stand to the aircraft. 


B. Connect the external electric power to the aircraft. 


C. Turn the inverter switch "ОМ" and close the circuit breaker of "INST, TRANS. 
No, 2." | 


D. Set the selector switch of the hydraulic pressure gage of the aircraft to the 
"NORMAL" position. 


E. Supply the hydraulic fluid into the hydraulic reservoir. 
F. Supply the air storage reservoir with the air pressure. 
G. Make certain that the manual 3-way valve is "NORMAL" position. 


H. Supply the accumulator (system and emergency brake accumulator) and the 
anti-skid modulator with the specified pressure oí air. 


J. Prepare for a stop watch or a wrist watch having a center second pointer, 


K. Set the depressurization valve control lever to "NORMAL," 


In this test, be sure to use the reservoir of the air- 
craft. Do not use the hydraulic test stand reservoir. 


3. TEST 
A. Depressurization Valve Operation Test. 


(1) Set the hydraulic test stand pressure to 3, 000 psi, and send hydraulic 
pressure to tne aircraít. j 


(2) Make certain by moving the depressurization control lever 2 or 3 times 
that there is no abnormal on tne control lever. 


B. Internal Leakage Test of the Whole Hydraulic System, 


(1) Set the pressure of the hydraulic test stand at 3, 000 psi, and feed the 
hydraulic pressure to the aircraft. 
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Engine-Driven Hydraulic Pump - Description and Operation 


1. GENERAL (See Figure 1) 


The pump produced by Vickers Limited is of the axial plunger type with nine 


cylinders and the delivery is varied by changing the swashplate angle and thereby 
the plunger stroke. 


The pump speed is 0.265, times the engine speed and the pump delivery rate is 
0. 520 cu. in. /rev. The pump is installed on the right front face of the engine gear 
box, and the fluid is circulated from the case drain to the reservoir to ensure 


cooling and lubrication while the pump is rotating, One port of the two seal drains, 
‚ located on the lower face is left open. 
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Hydraulic Depressurization Valve - Description and Operation 


1. GENERAL (See Fipure 1) 


The hydraulic depressurization valve, installed on the front wail of the hydraulic 
compartment, is designed to be operated through a cable by the depressurization 
valve control lever on the right-side console in the cockpit. 


The valve is provided with the three ports of "PRESSURE", "RETURN" ала 
"SYSTEM", Inats normal position, the port "PRESSURE" is connected to the port 
"SYSTEM". The port "RETURN', however, is kept closed. Force up the depres- 
surization valve control lever іо "DEPRESS', and the valve is switched to connect 
the port "SYSTEM" with the port "RETURN". 


Thus the pressure of the down-stream side of the valve is lost into the return line, 
but the accumulator is closed and the pressure of the up-stream of the valve is 
maintained for the normal brake, and accordingly the engine-driven pump pressure 
rises to 3,000 psi, whereas it's delivery is reduced to null. 


` 
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Auxiliary Hydraulic Power System - Description and Operation 


GENERAL DESCRIPTION 


The auxjliary hydraulic power system consists of the auxiliary hydraulic pressure 
source utilizing the motor-driven emergency hydraulic pump, its pressure line 
System and the electrical system for controlling and operating the system. 


FUNCTION 


A. As the Normal Hydraulic Source. 


(1) Hydraulic pressure source of the emergency brake system. (The 


emergency brake has no other hydraulic pressure source.) 


(2) Hydraulic source for operating the stairway in case of the failure of the 


engine. (The use of the battery of the aircraft as its source should be 
held to the least extent as much as posšible. ) 


(3) Auxiliary hydraulic pressure source for maintenance work. (When а 
great rate of flow is required, use the hydraulic test stand.) 


As the Emergency Hydraulic Source, 


B. 

(1) Hydraulic source for the operation of the landing gear, steering and ilap 
systems. 

(2) Hydraulic source for operating the normal brake system. Namely, the 
motor-driven pump has been designed to be operated as the hydraulic 
pressure source in case the main hydraulic power becomes unserviceable, 
during the flight, even though the depress lever is in the "DEPRESS" 
position. 

FEATURES 


The auxiliary hydraulic power system uses the positive-displacement type pump 
and the pressure is regulated by the system relief valve of the emergency pump. 


4, COMPOSITION 


А. 


Emergency Hydraulic Pump (See Figure 2) 


The emergency hydraulic pump 15 a positive-desplacement type pump produced 
by Vickers Limited, It is installed in the L. H, wing fuselage fillet. It is 
designed to be operated by a 28V DC motor. Displacement is 1. 1 GPM at 


3, 000 psi. 


Emergency Hydraulic Filter 


The filter is suspended with the two bolts at the center in the front of the 
hydraulic compartment. И 15 an ordinary type 104 high-pressure filter, 
which is provided with a built-in by-pass valve for smooth flow of hydraulic 


pressure even when the filter element is loaded with dirts. 
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C. Check Valve. 


Three check valves in all are used cach at the place where the emergency 
pressure line enters the following system. 


(1) Landing gear, steering, flap, system relief valve. 


(2) Normal brake, system accumulator (down stream of the depressurization 
valve) 


(3) Emergency brake and its accumulator 
All these three check valves are located in the hydraulic compartment. 
D. Emergency Hydraulic Pump Relay. 


The emergency hydraulic pump relay is situated at the left, upper corner 
inside a block located at the extremely right, lower part on the back or the 
main junction box, The duty of the relay is to switch on and off the electric 
power source for the emergency pump motor. 


` 


E. Switch and Light (See Figure 1) 


The emergency hydraulic pump switch and the emergency pump indicating 
light are located at the lower part of the copilot flight instrument panel. 


F. Circuit Breaker and Fuse 


(1) The circuit breaker is located behind the copilot, on the right lower 
part of the Forward CB panel. It is indicated by "EMER, HYD. PUMP 
CONT". 


(2) The fuse is in the main junction box. The 100A fuse is attached directly 
on the emergency bus ofthe DC bus located at the front, right side of the 
main junction box. The 1A fuse is immediately on the right of the relay 
described in Paragraph D, that is, in one block at the rear, right lower 
part of the main juction box. 
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5. OPERATION 


A. Operation of the Electrical System (Sec Figure 1) 


NOTE 


The power source is the emergency bus onlv, 
Accordingly in case only the battery is serviceable 
as the power source of the aircraft, remember to 
switch the battery switch or the power control 
switch to "ВАТТ". 


When the emergency bus is being supplied with electric power, turn on the 
emergency hydraulic pump switch in front of the copilot, and the emergency 
hydraulic relay in the main junction box is actuated. 


The DC28V power, therefore, flows through the 100A fuse to the emergency 
pump. At this time, the emergency hydraulic pump indicating lights each 
on the copilot flight instrument panel, forward stewardess panel if installed 
and external power panel are simultaneously Lit. 


When the stairway selector switch is forced "UP" or "DOWN" even ii the 
emergency hydraulic pump switch is in the "OFF" position, the emergency 
pump turns. As for the details of the stairway electrical system, see 
52-62-0, Figure 2. 


В Operation of the Hydraulic System (Sce Figure 1) 


The suction port of the hydraulic reservoir on the emergency side is located 
at a lower part than that on the main system side. Thereiore, even when no 
hvdraulic fluid on the main hydraulic system side, the 2.06 gallons (7.8 lit.) 
hydraulic fluid remains on the emergency system side, and can be used by 
the emergency pump. 


The hydraulic fluid whose pressure is increased by the emergency pump, is 
divided into three systems in the hydraulic compartment after passing through 


the filter. 


Of the three, there is the line which leads the fluid to the emergency pump 
relief valve. The fluid led to the valve is regulated to the desirable pressure. 
The line extending to the emergency brake system is provided with a low- 
pressure warning Switch, which serves to put on the red light when the pressure 
of the emergency accumulator drops down beiow 2,000 to 2,400 psi. 


When the red light is lit, the copilot should turn the emergency hydraulic pump 
switch "ОМ". As to the description of the pressure warning light and indicating 


System, see 29-32-0. 
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Auxiliary Hydraulic Power System - Operational Test 


GENERAL 


This test is made on the operation of the emergency hydraulic pump, the emergency 
pump relief valve of the hydraulic system, and the electrical system of this system. 


PREPARATORY WORK 


А. Connect the external electric power source. 
B.. Turn on one of the inverter switches on the overhead L. H. panel; and close 
the circuit breaker of "INST TRANS NO, 2" on the aisle side. 
C. Close the "HYD PUMP CONT" circuit breaker on the forward circuit огеакег 
panel, 
D. Set the selector switch of the hydraulic pressure gage of the aircraft located 
М р B46 | f 
at the lower part of the copilot flight instrument panel to the "EMER" position. 
E. Depress the brake pedal to remove the pressure from the hydraulic system 
P y 
accumulator and check the air pressure. 
F. Remove the pressure of the emgergency brake accumulator through the 
pressure dump valve and check the air pressure. 
G. Place the depress valve control lever to the "DEPRESS' position. 
H. Prepare for a stop watch or a wrist watch with a center second pointer. 
TEST 
NOTE 
During the following test, do not operate the landing 
gear, flap, steering, and the brake, 
A. Make certain that the emergency brake accumulator low-pressure warning 
light is "ОМ". 
B. Turn the emergency hydraulic pump switch "ОМ!" and simultaneously start 
the stop watch. 
C. Watch the emergency accumulator pressure. The low-pressure warning light 
must go out when the pressure increased to 2, 800 psi to 3, 000 psi. 
D. When the low-pressure warning light went out, stop the stop watch. At this 
time, the time required should be within one minute. 
E. Drive the emergency hydraulic pump for another one minute. At this time, 


the emergency accumulator pressure should be 3,000 to 3,050 psi. 
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F. 


А, 


В, 


ل 


Stop the emergency hydraulic pump, 


POST -WORK 


Full out the circuit breakers which were pushed in the circu.t отеакег panes 
in the aforementioned paragraph 2. 


Place the depregs valve control lever back to the "NORMAL" position, 


1. 


Hydraulic Fluid Quantity Indication System - Description and Operation 


GENERAL 

The hydraulic fluid quantity indicating systern is of the electric capacity type just 
like the fuel quantity indicating system. The hydraulic reservoir, located in the 
fuselage, is less liable to temperature change as compared with fuel; and accordin- 
gly no compensator unit is in use inthe system. The indicator is arranged on the 
copilot instrument panel and indicates by percentage the level of the hydraulic 

fluid (MIL-H-5606A). 

COMPONENTS (See Figure 1) 


The following parts of this system are the products of Hokushin Electric Works, 
Ltd. 


Tank unit | PF53-N2 29-31-1 1 Hyd. reservoir 
Indicator PF22-N3 29-31-3 1 Copilot instr. panel 
Amplifier PFOS-N3 29-31-2 1 Lowest part of MJB 


Shock mount PF99 1 Lowest part of MJB 


FUNCTION (See Figure 2 and 3) 


Like the fuel quantity indicating system, the hydraulic fluid quantity indicating 
system is composed of tank unit, amplifier, and indicator 


When the electrostatic capacity of the tank unit varies with the variation of the 
level of the hydraulic fluid, the bridge circuit is unbalanced and generates electric 
signals. The signal is amplified by the amplifier and transmitted to the servo 
motor which drives the indicator to turn the index. 


The servo motor functions to repulate the electric voltage of the bridge circuit 
by means of the gearing and at the same time energizes the potentiometer to 


balance the bridge circuit again. 


The index position at this time is at the level of the hydraulic fluid. As regards 
the principle of the capacitance bridge operation, see the description given in 
Page 1, 28-41-0. 
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4 TEST SWITCH CONTROL 


The hydraulic quantity test switch is arranged on the copilot's instrument. 
Turn the switch "ОМ", and the index moves toward zero. Contrarily, wher the 
switch is turned "OFF", the index returns to the original value. 


At the point slightly toward the minus side from the 
zero of the indicator, there is the stop for the index. 
During the test, remember that the index should 
never be returned till it comes into contact with the 


Stop. 
5. POWER SOURCE AND CIRCUIT PROTECTION 


The hydraulic fluid quantity indicator is supplied with electric power from the СЕ 
main bus С phase through the 5A hydraulic quantity circuit breaker оп the circuit 
breaker panel on the aisle side. 
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Hydraulic Pressure Indication and Warning System - Description and Operation 


GENERAL DESCRIPTION 


This system designed to indicate the pressure in the hydraulic system 15 dividable 
into the following three systems. 


Pressure Indicating System of the Main Hydraulic System 

Pressure Indicating System of the Emergency Brake Accumulator 
Pressure Drop Warning System of the Emergency Brake Accumulator 
Engine Driven Pump Warning Light 


COMPOSITION 


А! Hyd Press Ind Copilat Instr Panel | MS28010-5 
В, Main Hyd Press Amtr 1 | Hyd Compt М528005-5 
C|Emer Brake Acem Press Xmtr| 1 | Hyd Compt М528805-5 
Dl Emer Brake Acem Low 1 | Hyd Compt Open at 2, 800 to 
Press Sw 3,000 psi 
Close at 2,000 to 
2,400 psi 


Emer Brake Accm Low 
Press Warning Lt. 


Hyd Press Selector Sw 
Circuit Breaker 


"INSTR TRANS No, 2" 
"EMERG HYD PUMP CONT" 


Fuse "НУР PRESS IND" 


"INSTR TRANS No. 2" 
Engine Driven Pump 
Press Sw 


Fngine Driven Pump 
Warning Light 


Copilot Instr Panel 


Copilot Instr Panel 


Aisle Side CB Panel 


Fwd CB Panel 
Fwd Fuse Panel 


DC Main Junction 
Box 


Hyd Compt 


Copilot Instr Panel 


Push-to-Test Red 
Light 


AN3226-3 


Open at 2, 700 to 
2,900 


Close at 900 to 
1,100 


A. Hydraulic Pressure Indicator 


B. Main Hydraulic Pressure Transmitter 
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(2) “EMERG HYD PUMP CONT" 5A 


This circuit breaker is situated at the right lower part of the circuit 
breaker panel on the bulkhead behind the copilot. 


‘Pull the circuit breaker, and the emergency hydraulic pump control 
circuit is also opened. 


Fuse "HYD PRESS IND" 1A 


This 1A fuse has been installed on the fuse panel at the upper part of the bul«- 
head behind the copilot. The fuse serves to avoid giving undesirable iniluence 
on the No. 2 engine hydraulic pressure and fuel flow indicating system in case 
a trouble has taken place in the hydraulic pressure indicating system. 

When the fuse is burned down, the neon tube of the fuse emits amber light. 


No, 2 Instrument Transformer (Ref), 


No, 2 instrument transformer belongs to the instrument transformer. Open 
the panelat the right, upper corner in the wall behind the copilot, and you will 
see two transformers in a row. The outside (right) transformer is this No. 2 
instrument transformer. 


Engine Driven Pump Press. Switch. 


The engine driven pump press. switch is provided in the engine driven pump 
press. line, up-stream of the check valve (in the hydraulic compartment). 
When the pump on one side is functioning normally and the system pressure 
is raised to the specified pressure,ii the pump on the other side falls and the 
pressure does not build up, the pressure up-stream of the check valve will 
not build up and consequently the warning light continues to light notifying 


of the failure of the pump. 
Engine Driven Pump Low Press. Warning Light. 


These warning lights are installed on the copilot's instrument panel and are 
put out respectively when the pump pressures reaches 2, 700 psi and are lit 
when it decreases below 900 to 1,100 psi. 


3, OPERATION 


A, 
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Operation of the Pressure Indicating System. 


Connect the external power source to the aireraft and turn cilner of the 
inverter switches on the overhead panel CL. НИ.) "ON" 


, and eleciric power 
18 supplied LO іле СІ emergency уць, 


The electric power is AC115V. 


The power goes to the No. 2 instrument transformer, where it is lowered 
to 26V, subsequently [lowing through the fuse to the hydraulic pressure 
selector switch and indicator rotor on the copilot instrument pancl. 


set the selector switch to "NORM", and the AC 26V power flows to the trans- 
mutter on the main hydraulic side to energize the rotor of the transmitter, 


generating, an alternating field. The rotor is electrically connected to the 
Bourdon's tube and turns in accordance with pressure. 


In each phase of the star-connected stator winding, an electric voltage 
corresponding to the correlative position with the rotor is generated. 


This generated voltage reproduces an alternating field in the same direction 
at the stator winding of the indicator, 


The indicator rotor is turned by mutual action between these alternation fields, 
making its index indicate the hydraulic pressure. 


Set the selector switch to "EMERG", and the indicator also indicates the 
pressure in the emergency brake accumulator. 


Operation of the Pressure Drop Warning System. 


The electric power flowing from the DC emergency bus through the circuit 
breaker "EMERG HYD PUMP CONT" 5A reaches the emergency brake 
accumulator low-pressure switch. While the accumulator pressure is over 
2,800 to 3,000 psi, the pressure switch contact is open. 


However, when the accumulator pressure is below 2,000 to 2,400 psi, the 
contact is kept closed. Therefore, the electric power flows to the emergency 
brake accumulator low-pressure warning light of the copilot's instrument 
panel. Thus, the warning light comes on. 


NOTE 


The indication of pressure indicator is made up of 
the nominal value, the following instrument errors 
and the effects of reservoir pressurization: 
Error of pressure transmitter + 50psi upto 3,000 psi 
+ Tapsi upto 3, 500 psi 
Error of pressure indicator + 20psi | 
Error due to reservoir pressure 25 to 30 psia (10 to 15 psig) 
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Start - by-Pass Valve System/Operational Test 


WARNING | 


1. Ц is necessary to observe the following pre- 
cautions lest the engine should start running 
during the operation test. Above all, it is im- 
portant to pay attention to the position of the 
circuit breakers. 


2. Be sure that the propeller rotating plane is clear 
of personal and ground equipment considering 
the possibility of unexpected engine starting. 


1, PREPARATION 


А. Connect the external power source to the airplane and set the circuit breakers 
and switches as follows; 
` 


Batt. switch "EXT 
Engine start "ON" 
Main bus volt "ON" 
Selector relay CORE" 
Ignition (4 ea.) "OFF" 
Hyd. by-pass "ON" 
Prop. brake switch "OFF" 
Starter master switch "SAFE 
Engine selector switch "OFF" 
à. TEST 


A. Under the above conditions, make sure that the start by-pass valve is in the 
closed position. | 
Make sure that the valves remain in the closed position even if the engine 
selector switch is set to No. 1 ог No, 2 position and, then, turn off the engine 
selector switch. 


B. Set the starter master switch to 'START" ог "BLOW OUT", 
Make sure that the valves are in the closed position. 


C. Set the engine selector switch to No. 1. Make sure that the valve of L. H. 
pump line is closed when the starter master switch is in "SAFE" position 
and that the valve opens when the starter master switch is set to "START' 


or "BELOW OUT" position. 
D. Make sure that the valve of L.H. pump line is in the closed position when 


the engine selector switch is set to "No. 2" position no matter whether the 
starter master switch is in "START" or "BELOW" position. 


E. Repeat same procedure of (c) (d) for the valve of К.П. pump line. 


C. Emergency Brake Accumulator Pressure Transmitter, @ 


The transmitter has been installed with four bolts immediately forward the 
transmitter referred to in the preceding paragraph, on tne shock mount of 
the ripht panel in the hydraulic compartment. 


The transmitter is connected to the emergency brake accumulator line. it 15 
interchangeable with that of the main hydraulic pressure. 


A snubber is provided in the upstream side of the transmitter in order to keep 
away the sudden pressure change of this line. 


D. Emergency Brake Accumulator Low-pressure Switch, 
This pressure switch has been fixed with two bolts at the rearmost part o? 


the right-hand wall of the hydraulic compartment. Electrically, itis a 
normal close-contact type pressure switch, 


When the pressure of the emergency brake accumulator has dropped to 2,000 
to 2, 400 psi or lower, the switch is operated "ON", 


On the contrary, when the pressure has reached 2,800 to 3,000 psi, the switcn 


is moved "OFF", The switch is connected with a pressure sensing line and an 
electrical connecting plug. 


E. Emergency Brake Accumulator Low-pressure Warning Light. g 
The warning light is located immediately under the hydraulic pressure gauge 
of the copilot's instrument panel. The warning light serves to show the pres- 
sure drop of the emergency brake accumulator below the specified value 


(2,000 to 2, 400 psi). 


The color of the light is amber. Electrically, the warning light is a push-io- 
test light designed to come оп at DC28V. 


F, Hydraulic Pressure Selector Switch. 


This switch is a kind of 2-positioned selector switch installed immediately 
under the hydraulic pressure gauge on the copilot's instrument panel. 


Turn the switch up to "EMER", and the hydraulic pressure gauge indicates 
the pressure in the emergency brake accumulator. On the contrary, place 
the switch down to "NORM", and the gauge shows the pressure in the main 
hydraulic system. 

G. Circuit Breakers 


(1) "INSTR TRANS No. 2" 5A 


This circuit breaker is located, a little frontward, at the one-third height, 
from above, of the aisle-side circuit breaker panel. 


Pull the circuit breaker and the No. 2 engine hydraulic pressure and fuel 
flow indicators are stopped to work simultaneously. 
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Ref 29-00-0 Fig 2 
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| 
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| 
| 
| 


No.2 Hyd Pump 
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ЗА EMER HYD PUMP CONT 
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Fig 1 Engine Driven Pump Warning and 
Indicator System 
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Tal General 


1.1.1 Principal Flight Control Oysa lin 
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The aileron is provided with u spring bab and а trim tab, tne 
vided with a tab whieh can be used zs а prof tap ana а Sram Зао 


rudder is provided with a balanee tav and a trim tab. 
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All the control surfaces of dual control, type ure controlled палца: ly ang 
control wheels, columns and pedals are provided for the pilot and tae co- 
pilot. These controllers and the control surfaces are connected witn cab.es 
and push-pull rods. On the center pedestal are provided control knoos ала 


indicators for each trim, the trim angles being shown on tne indicators. 
7.1.2 Flap 


Tae flap of Fowler type is actuated hydraulically. The flap control is 
conducted electrically by a flap control switch which is located on tre 
center pedestal. 


The flap is provided with an asymmetry protection unit. If the angles of 

the L.H. and the В.Н, flaps differ by 1° to 3.59, for some reason or other 
tne electric control circuit is interrupted, stopping the flaps automatically 
to stop the agravation of the asymmetry. 


7.1.3 Angles of Control Surfaces 


Control Surface Position | Angle 

Up 249+ 19 

Aileron Down 15°+ 1° 
5 | Up 1894 0,59 
Н Spring Tab Down 10°+ 0,59 

m 

5 Trim Tab Up 219+ 0,59 
Down 219: 0,59 


L.H. 220+ 0,59 
| L.H, 27 + 0.59 
b 
Trim Tab L.H. 12.59+ 0.59 
R.H. 12.5°+ 0,59 
Elevator Up 27° + 0.5° 
Down 13° + 0,59 


о o 
U 5.9 
Е Balance Tab SP m 12,29 
0} 
z Trim Tab Up 10° + 0.5° 
Down 15° + 0,5? 
o 
Flap Angle 35? Ке 
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The three (light сого] pur aces awe provided wibh Lhe pust dose iab, 
cixing them in the neutral position while the aireraft is parked to MII 
dama;ze to them, Between the musk Lock lever and the Low stop lever осме г 
control lever) is provided an interlocking mechanism which prevents accidáen^s 
due to misoperation in flight. 


NOTE: For the interlocking mechanism, see Chupter 5, POWER PLAST. 
7.1.5 Control Cable and Cable Tension Regulator 


In the control system of the rudder and the clevator running türougn wne 

entire fuselage are provided the cable tension regulators which maintain 

the cable tensions at certain values, independent of the variation of tre 
outside air temperature. 


The aileron control system is not provided with the cable tension regulators. 


The control cable is made of carbon steel (MIL-C-1511). 
The sizes in use are as follows: 


` 
Principal control system 3/16 in. dia. 
Trim systems 3/32 in. dia. 


The fuselage pressure bulkheads through which the control cables pass are 
sealed for air tightness, 


For cable identification, identification tapes are wound around the cable 
terminals so that the cables can be identified by the position, color ana 
arrangement of the tapes. The relationship of the cables and the identi- 
fication tapes is shown below, 
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Hydraulic, power plant and emergency 
above for references. 


control systems have been 
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1.1.7 


Air Seal of Control Surfaces 


Air seal is provided on all flight control surfaces except the flaps. Tne 
air seal is installed on the leading edge of the control surface over its 
entire span, sealing the gap at the attaching portion of the control surface 
to prevent air flows on two surfaces of the control surface (upper and 

lower or left and right) from mixing. 


As the sealing material, cloth (curtain seal) is used on the aileron and the 
elevator, and rubber is used on the leading edge of the rudder. Air seal 

is also installed on the spring tab, balance tab and trim tab. This seal 
consists of polyurethane attached to the rear spar of each control surface 
and aluminum sheet attached to the front spar of the tab, the latter com- 
pressing the former. 


The flap is sealed at its up position. On the lower surface of the wing 
trailing edge is provided & striker made of rubber which comes ín close 
contact with the lower surface of the flap when it is in the up position, 
keeping air-tightness. | 


Surface Balance Moment 
` 


On the three control surfaces and tabs (except the aileron trim tab) are 
attached the placards on which the balance moments are shown. These 
moments were measured when the airplane was completed and the placards 

are attached on the root rib webs, except that those for the elevator 
balance tab and trim tab are located on the lower skin of the root trailing 


edge. 
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7.29.1 Attachment of Aileron 


The alleron 1s attached to the wing trailing edge with five hinges. 


hinges are 


7c + Ë = 
ман en TOL ovstem 


numbered as follows: 


No, O hinge at W.Sta 9038 
No. 1 hinge at W.Sta 10162 
No, 2 hinge at W.Sta 11751 
No. 3 hinge at W.Sta 13200 
No. L hinge at W.Sta 145400 


“тесе 


7.2.2 Control System (See Fig. 7-3) 


Fig. 7-3 shows the arrangement of the mechanism of the aileron contro. 
system. The aileron is controlled by rotating the aileron control млее =n 
the cockpit. The rotation of the wheel is transmitted to the aileron 

through cable and push-pull rods. The cable runs through the fuselage lonzl- 
tudinally and the push-pull rods run through the exhaust passage of tne Gë 
icer unit located in front of the wing front spar up to WS 11751. 


In the control column heads for the pilot and the co-pilot are installed tne 
cable drums around which two cables are wound. These cables run through 

the control columns to the under floor section of the cockpit. Опе cable 

is connected under the cockpit floor to the aileron control wheels for tne 

pilot and the co-pilot. The other cable, passing through tne weight saving 

holes of the floor beams, is connected to the upper quadrant of the aileron 
ross quadrant in the flight control compartment in the center of the fuse- 

lage. The aileron cross quadrant is made up of a torque tube and two quad- 

rants (upper and lower quadrants) attached to it. 


In the leading edge of the wing at its attaching section is provided a 
sector. To this sector is connected a push-pull rod running along the wing 
leading edge and it is also connected to the lower quadrant of the aileron 
cross quadrant in the flight control compartment with a cable. 


The push-pull rod running along the wing leading edge is connected to the 
aileron control rod at WS 11751 through а bellerank. The aileron control 
rod also serves as spring tab control rod, being connected to the aileron 


spring tab mechanism. 


The aileron and the aileron spring tab are connected with a spring and the 
rotation of the aileron control wheel is transmitted to the aileron through 


a spring in the spring tab mechanism, 
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control wheel 

Vleron Cross Quadrant (See Fis. 7-5) 

The aileron cross quadrant is installed at ?.573-2920, being made up ої а 
torque tube and upper and lower quadrants attached to it. This torque tube 
is supported by floor beams and keel bail bearings in the lower part of the 
fuselage. On the lower part of tnis torque tube are provided ize aileron 
bungee spring and the aileron gust lock quadrant. Tre aileron bungee spring 
is fixed to the torque tube of the quadrant апа a fuselage frame, соггеіатіг 


ular motion of the aileron and tne control force linearly. 


Push-pull Rod (See Fig. 7-5) 


Eight push-pull rods of 45 mmó are connected in series in the wing leaaing 
edge with idle arms, being connected to the bellcrank at WS 11800. On 
оі 


` 
BP 1200 — WS 860 


WS 8130 ~ WS 10030 and 
WS 10030~WS 11800 
are provided rod ends so that their length can be аёјиѕтей but other roas 


сап not be adjusted. The rod ends for length adjustment are located оп idle 
arms and Ье11сгапк attachments at WS 10030 and WS 11800. 


7.2.3 Spring Tab Mechanism (See Figs. 7-5 and -6) 


The aileron control rod is connected to the aileron tnrouga а spring. 
Therefore, in order to control the aileron, the tab is controlle 
then the air force moves tne aileron. 
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7.2.4 Stopper for the System end its Functions (See Fig. 7-5) 


The aileron control system has the following four stoppers: 
(1) Aileron travel angle stopper 

(2) Spring tab stopper 

(3) Bellcrank stopper 


(4) Control wheel stopper 


(1) is п stepper for the aileron trnve] Angles; n stop boll being provided 
on the wing trailing edge (WS 9517) and a Stopper made of aluminum аллоу 
on the aileron leading edge which restricts the aileron travel angle, 


(2) is a stopper for the spring tab, installed in the spring tab mechanism, 
restricting the spring tab travel angle. 


(3) is a stopper for the bollerank, located at ws 11800, consisting of two 
bits, one on the forward side of the wing front spar and another on the 
rear side. This stopper restricts the over-travelling of the push-pull rod 
provided on the forward side of the wing front spar. Viewing from the con- 
trol surface side, this restricts the sum of the aileron angle and the 
spring tab angle. | 


(4) is a stopper for the aileron control wheel, located on the control 
column head. This protects the system. After the bellcrank comes in con- 
tact with its stopper, this stopper restricts further travel, avoiding 
excessive force to the system. | 


7.2.5 Procedures for the System Adjustment (See Figs. 7-4 and 7-5) 


(1) Neutral Points of the System (8 locations) 


` 


1 Aileron control wheel | Column head Rigging tool 


e Control column Column base Rigging tool 


3 Aileron cross quadrant | Flight control Gust lock "ОМ" 
compartment 


h Sector BP 1200 i Rigging pin 
5 Aileron control rod 3475 Rigging pin 
6 Idle arm 10030 Rigging pin 
T Bellcrank 11800 Rigging pin 


8 Spring tab Spring Fixing spacer 
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Figure 7—6 


Aileron Spring Tab Hinge 


Access Plate 


(2) Procedures for adjustment 


A. Fix nunbers 1 to L end tighten the cable in the fuselage. 
71e cable tension is 150 lb 10 lb (41,4 lb /?F) at 70°F. 


В. The position о? the stop bolt of the aileron control wheel is 
determined lastly. 


rod 


Adjustmert of wing leading edge control 


С, Fix numbers 4 to 7 and adjust the length of the control rod. 


Adjustment of aileron control rod 


р. Fix numbers Т and 8 and adjust the length of the control rod, 
setting the aileron to 0° with a contour gauge. 


Adjustment ог eacn stopper 


E. Adjust the stoppers for the aileron and the spring tab using the 
contour gauge used in the preceding paragraph D individually so 
that their respective travel angles can be obtained. 


Е. Adjust the bellcranx stopper so that the bellcrank begins to move 
when the aileron control wheel is turned by 90° 2 0,59, 


С. Adjust tne stop bolt so that tne aileron control wheel stopper 
can come into action wnen a load of 27 +1 kg is applied to a 
point at 165.0 R from the rotating center of the aileron control 
wheel &fter the stopper mentioned in F began to work. 


NOTE: Keep removed the bungee spring in the flight control compart- 
ment. 


7.3 Aileron Trim Tab Control System 


7.3.1 Attachment of Trim Тар 


The trim tab is attached to the aileron trailing edge with a piano hinge. 


7.3.2 Trim Tab Control System (See Figs. 7-7 and 7-8) 


The aileron trim tab can be controlled by rotating the control knob on the 
center pedestal in the cockpit. The pedestal is provided with an indicator 
box which shows the amount of the aileron trimming (trim tab angle). 


The rotation of the control knob is transmitted to the cable drum located 
under the cockpit floor through chains, bevel gears and torque tubes, 

A cable from the cable drum, passing through the weight saving holes of 

the floor beams, reaches the hydraulic compartment, from which it runs 
through the fuselage to the rear side of the L.H. wing rear spar, transmit- 
ting the rotation of the control knob to the screw jack type trim actuator 
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located at WS 10015. Тіс trim actuator controls the trim tab, Dy Pusning 
or pulling the trim control rod, 


7.3.3 Indicator Вох (See Fig. 7-9) 
The trim control knob rotates from the O position to the left and to tne 


right by 4.1 turns. Consequently, the reading of the indicator is reduced 
by the idler gear so that all the indication can be shown on the dial face. 


The indicator scale has the following marking on it with 21 graduations 


Knob rotation Tab position 


Clockwise 


Counter clockwise 


O position 


1.3.3 Procedures for Trim System Adjustment 


(1) Neutral Kixed Points of the System (3 locations) 


Cable drum Cable drum Rigging pin 


Trim actuator Acme screw shaft Align the red mark. 


Control rod Idle arm Rigging pin 


(2) Procedures for adjustment 


A. Fixing numbers l and 2, tighten the cable. The cable tension at 
70°F is 30 + 5 1b (40.4 1b/?F). 


B, Fixing numbers 2 and 3, adjust the length of the control rod, 
setting the trim tab to 0° with a contour gauge. 


C. The stopper for the trim system is contained in the indicator 


box, After 3 turns of the control knob, the stopper comes into 
action and no further movement can not be obtained. 
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7.4 Rudder Control System 
1.3.1 Attachment of Rudder (See Fig. 7-15) 


she rudder is attached to the vertical stabilizer with three hinges. 
Tne weight of the rudder is supported by the lowest hinge. 


7.4.2 Rudder Control System (See Fig. 7-10) 


Tne rudder can be controlled by pushing the L.H. and R.H. pedais provided 
for the pilot апа the co-pilot. 

To each pedal is attached a rod which is connected to the forward quadrant 
(above the floor) in the cockpit. Quadrants are provided 1 ea, in front of 
the pilot seat and the co-pilot seat, both being connected with a beam anc 
equalizing the movement of the rudder pedals for the pilot and the co-pilot. 


On tne rudder pedals for the pilot and the co-pilot are provided pedal 
adjust knobs with which the pedal positions can be adjusted, individually, 


то each forward quadrant in the cockpit is attached a cable. This cable, 
passing through the weight saving holes on the floor beams below the floor, 
runs upwards by means of a pulley behind the pressure bulknead at F.Sta +9035 
and above the horizontal stabilizer, and it is connected to the quadrant 

with the tension regulator attached to the rudder torque tube (rudder lower 


assembly). 


Pedal Adjust Mechanism (See Fig. 7-14) 


If the pedal is pushed, the force is transmitted to the arm, rotating the 
quadrant around its rotating axis through links and adjusters. 

If the pedal adjust knob is rotated, its angle of rotation is transmitted 

to the screw. Since the screw does not move with respect to the quadrant, 
the adjuster moves fore and aft. This movement is converted into tne rote- 
tion of the arm and, consequently, the rudder pedal сап be moved fore апа 
aft for adjustment without moving the quadrant. 

The rudder pedal can be adjusted within 60.5 mm in the forward direction and 


59.5 mm in the rearward direction. 


7.4.3 Rudder Spring Tab Mechanism 
Тре operating principle of the mechanism 15 the same as that Tor the aileron, 
Тре rudder spring tab mechanism consists of the lower assembly and the 


upper assembly. 


(1) Lower Assembly (See Fig. 7-14) 


On the lower part of the rudder is provided a torque tube 80 mm in the 
rear of the rudder hinge line. The control force is transmitted to 
this torque tube to rotate it. Оп this torque tube is installed the 
spring tab mechanism. On a plane perpendicular to the rudder hinge 
line are provided in parallel each other 2 sets of triangular plates, 
each set consisting two plates and these sets of the plates can rotate 


around the rudder hinge line freely. 
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spring of the spring tab mechanism is ілвтаг_61 0674667, 592226 601-8. 
То tne plates of the B set are connected to the tau actuating 2-12 
mechanism, transmitting tne Geflection of the spring 22 The Upper 
assembly to actuate it. 

(2) Upper Assembly (See Figs. 7-12 ari 7-14) 
In the rudder is provided the link mechanism for tne spring 282 contr 
rod. This link mechanism is connecteé to the rudder trim сыт. 0 
mechanism at V.Sta 430. The tab consists of the upper tab ani tne 
lower one, both moving іп the same ?asnion. 

` 

(3) Operation (See Fig. 7-11) 
The bottom end of the rod X is conmmectec to tne tension regulator 27 
the lower assembly, the upper end of tne гоб 1 to the belicransc zt 
V.Sta 1355 and the left end of the rod Z to tne trim actuator. 


а. When spring tab only is operatec witnout operating tric. 
Rotate the arm of the spring tab around tre ninge point В anc 
transmit the deflection of the spring to t 


b. When trim only is Operated without operating spring sas, 


The trim control roc moves from То to T- anû the delleranz rotates 
around а pointd. As а result, the point Æ о? the arm moves fro © 
to ty. Ав the rod X can not actuate tre spring of the spring tab 
since the bottom end of the гоб X is connected to the tension re- 
gulator, the point] moves from S. to S, horizontally. The point? 
moves from To'to Ті, actuating the tab. 


с. When spring tab is Operatec uncer the above conditions а and b., 


The point J moves from 8) to 52. 
The point 9 remains Standstill at t4, 
The point 2 moves from Ту'+о 7. 


3, 


The total movement of the tab emounts to the sum of (720-- 7.') and 
Lui ze: T). 


Rudder 
rront 
Spar 
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Figure 7-11 
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7.4.4 Rudder Cable Tension Regulator (See Firs. 7-12 and -13) 


The cable tension regulator is installed on the lower part of the torque 
tube of the rudder assembly together with the rudder spring tab control 
mechanism. | 


Тре regulator consists of the sector which can rotate around the rudder 
hinge line freely, Spring with which the control cable tension is adjusted 
rod which connects the sector and the spring with the regulator shaft and 
support. With respect to the hinge line, the cable is balanced at a 
specified position by moment of the spring force and cable tension. 


Ir the cable and the airframe expand or contract as the temperature changes, 
the tension of the two cables change by an equal amount. As a result, two 
sectors rotate at a new position corresponding to the spring force, main- 
taining the cable tension at a constant value. 


The moment change to the hinge line of the two sectors has the same absolute 
value with opposite directions, being balanced as a whole and it does not 
rotate the rudder. While the aircraft is being controlled, the moment of 
the sector is uneven and unbalanced and the sectors rotate around the rudder 
hinge line, permitting the rudder control. 

the tension regulator is provided the compensation scale, showing the tensile 
strength of the rudder cable. 


7.4.5 Stopper and Functions of Rudder Control System. (Fig. 7-14) 
The stoppers of the rudder control consists of three 
(1) Rudder Stopper 
(2) Spring Tab Stopper 
(3) Quadrant Stopper in the forward part in the cockpit. 


(1) has a stopper arm on the torque tube of the rudder lower part and the 
stop bolt is located in the rear of the vertical stabilizer. It restricts 


the rudder angle. 


(2) has & spring tab stopper on the lower &ssembly of the tab mechanism. 
It restricts the angle of control surface. 


(3) has a stopper of the forward quadrant in the forward quadrant. 
This protects the system 50 that excessive load can not be applied to the 


system, 
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1.8.0 Procedures for System Adjustment (Zee Fig. 7-14) 


(1) Neutral rixed points of the Systen (6 locations) 


Fixed to Location Fixing Metnoa 
Rudder pedal Pedal arm Бірдігд рій 
Forward quadrant Quadrant rigging pan 
_ _ . A BA 
Quadrant with Rucder ‚ Gust іос Oa 
tension regulator | 
Bellcrank V.S. 630 Rigging pin 
V.S. 1280 š | 
" i 
V.S. 3030 " 


(2) Adjusting Procedures 
d 


On Fuselage Side 


A. Fix number 3 and 
B, Fix number 2 and tighten the саріе. 


C. Fixing number 1, 4djust the length of tne pedal arm anc ajust 
the length of the pedal adjusting mechanism and the гой. 


Tighten the cable in accordance with the graph of the following 
compensation scale: 
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‚ muader lice 
о. Fixing numbers 3 to б, adjust the spring tab, This is accomplished 


by setting tne rudder and the spring tab to 0° with the angle gauge 
апа adfust tne length of each rod, 


Aatustment of Each Stonvner 


T^ 


E. Depress the rudder pedal and adjust the spring tab stopper so that 


the rudder travel angle measured by the angle gauge is within the 
specified limits. 


F. Adjust the rudder stop bolt go that the specified angle is attained 
when the rudder pedal is depressed further. 


G, Adjust the stop bolt of the forward quadrant stopper in the cockpit 
so that the quadrant comes in contact with the stopper when 82 kg 
= 2 Kg weight is placed on the rudder pedal after the stoppers 
mentioned in E and F come into action, 


T.5 Rudder Trim Tab Control System 
1.5.1 Attachment of Spring and Trim Tab (See Fig. 7-16) 


The spring tab and the trim tab are controlled by a control mechanism, 

being divided into two tabs, upper tab and lower one. The upper tab and the 
lower tab are attached to the rudder tab hinge fittings with two hinge 
bearings and three, respectively. 


7.5.2 Rudder Trim Tab Control System (See Fig. T-1T) 


The rudder trim tab can be controlled by rotating the rudder trim tab 

control knob on the center pedestal in the cockpit. The rotation of the 
control knob is transmitted to the cable drum below the cockpit floor through 
the torque tubes and bevel gears. A cable from the cable drum passes the 
weight reducing holes of the floor beams, bends up at the pulley at FUS. Sta 

+ 9484, behind the pressure bulkhead and transmits the rotation of the control 
knob to the screw jack type trim actuator located at V.Sta 345 in the vertical 
stabilizer. A push-pull rod connected to the trim actuator, in turn, cone 


ls the tab. 
Wed pedestal is provided the indicator box, indicating the amount of the 


rudder trim control (trim tab angle). 


7.5.3 Indicator Box (See Fig. 1-19) 


The rotation of the trim control knob which rotates to the left and to the 
right by 4.3 turns, respectively, is reduced by the reduction gears and 
its indication is shown on the dial of the indicator with graduations on 


the entire face. 
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Graduations of Indicatior 


Clockwise 


Tab Position 


Counterclockwise 
O 
12 graduations are marked on both L.H. and R.H. sides. 
7.5.4 Procedures for Trim Tab System Adjustment (See Fig. 7-17) 


Neutral fixed points of System (3 locations) 


Cable drum Cable drum Rigging pin 


Trim actuator Vertical stabi- Rigging pin 
lizer at 
` V.Sta 380 


Push-pull rod V.430, Bellerank | Rigging pin 


(2) Adjusting Procedures 
A. Place the rudder in the neutral position (gust lock "ОМ"). 
B. Fix number 1. 
С. Fix number 2, 


D. Tighten the cable. The cable tension should be 30 + 5 10 
(z0.h 1b/°F) at 70°F. 


E. Fix numbers 2 and 3. Adjust the length of the push-pull rod 
if adjustment of the spring tab has been completed. 


Adjustment of Stopper 


F, The stopper for the trim system is built in the indicator box, 
If the control knob is rotated to the full, the stopper comes 
into action and no further movement is possible. 
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1.5.6 Proceaures Tor Balance Та oys Lom Ad Ju: (mert (Зее Fig. 1-28) 


(1) Neutral fixed pointa or system (3 1] stations) 
1 Control column Control column Rigging tool 
2 Quadrant with Quadrant Match the arm mark. 


tension regulator 
3 Elevator | Torque tube Gust lock "ON" 
(2) Adjusting procedures 
А, Fix number 1, 
В. Fix number 3. 
C. Adjust the push-pull rod so that the arm mark of the quadrant 
with a tension regulator, number 2, is lined up to the mark on 


the frama at Fus. Sta. 10585, 


D. Tighten the cable, For the tension, see the compensation scale 
for the regulator. 


H Pr 
Ф 
Ë 
g 12 
P 
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Е 8 
3 
еу 
Т 
B. T 
O 
2. 
С 
-65 -50 0 ‚+50 «TO +100 +150 +165 


Temperature (°F) 


E, Fix the control surface at its neutral position with number 3 
and adjust the tab, setting the tab to 0° with a contour gauge. 


Adjustment of otopper 


F. Adjust the stop bolt for the elevator using a contour gauge so that 
the elevator can be controlled within the specified angle range. 


G. Adjust the stop bolt for the control column so that the column comes 


in contact with the stopper when 55 Kg i 1 Kg force is applied to 
. the column center after the stopper mentioned in F comes in contact, 
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7.0 Elevator Control System 
7.0.1 Attachment of Elevator (See Fig, 7-22) 


The elevator is attached to the support fittings on the rear spar of the 
horizontal stabilizer with self aligning roller bearings of 4 hinges. 
The Г.Е. and В.Н. elevators are connected together with a torque tube, 


7.0.2 Elevator Control System (See Figs. 7-20 and 1-21) 


The elevator can be controlled by pushing or pulling the control column 

in the cockpit. The control columns for the pilot and co-pilot are cone 
nected together under the floor with a torque tube and on the root of each 
column is attached a quadrant. A cable from the quadrant passes the weignt 
reducing holes of the floor beams and is connected to the quadrant with a 
tension regulator at Fus. Sta 10585 in the aft fuselage through pulleys. 
Quadrants with tension regulators are provided 1 ea, (2 in all) on the L.H. 
and R.E, sides, connected together with a torque tube. The arms on the 
L.H. and В.Н. quadrants and the horn fittings on the torque tube which 
connects the L.H, and К.Н. elevators are connected with pushepull rode 
through which the control signals from the cockpit are transmitted to the 
elevators. x 

On the elevator torque tube is installed the down spring. 
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(See Figs. 7-23 ага 1-28) 


т Tint 14 А n 
somewnat different from that of rudder control system but 


‘хз on the same principle. 


In the regulator unit are provided the rotating shaft and brake. The rotat- 
ang share has а disc in its center and threads on both ends, opposite in 
Girection each other. 


Control Cable Tension 


equal force is applied to the quadrant, the rotating bolt is 
and the quadrant rotates and moves, but the torque tube does not 


оу Control 


= 4 


ІХ а one sided force is applied to the quadrant, the center disc comes in 
close contact with the brake, not rotating, and, consequently, the torque 
tube is rotated through the regulator unit shaft, 


Elevator Balance Tab (See Figs. 7-25 and 7-26) 


ne balance tab is attached to the trailing edge of the elevator with three 
ranges. The push-pull rod for the balance tab mechanism is connected to 


-T CH 


ل 


the elevator is controlled, the balance tab is moved against the direc- 
ion ог the elevator by tne rod. 


= 


Le 


7.6.5 Stoppers of System and Functions (See Fig. 7-28) 


"шо stoppers are provided for the elevator control system. 


(1) Elevator stopper 


(2) 


(1) has an elevator stop bolt on the trailing edge of the horizontal 
s~abilizer with which the horn fitting comes in contact. This restricts 
tne elevator travel angle. 


( 


Control column stopper 


2) із located on the lower part (above the floor) of the control column 
о protect the system, 
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T.T Elevator Trim Tab Control Syston 
Lee 
1.7.1 Attachment of Trim Tab (See Fig. 1-29) 


The trim tab is attached to the hinge brackets of the elevator with 
four hinges. On the horn fitting on thé front Spar of the trim tab is 
located a push-pull rod connected to the trim actuator, 


T.T.2 Trim Tab Control System (See Fig. 7-30) 


The elevator trim tab can be controlled by rotating the elevator trim 
tab control wheel on the center pedestal in the cockpit. 


The rotation of the control wheel is transmitted to the cable drum by 
crains, A cable from the cable drum passes the weight reducing holes 

the floor beams, reaches the aft fuselage, bends up at a pulley at 
Pus. Sta 9480 and transmits the rotation of the control wheel to the 
screw jack type actuator installed at H.Sta 3000. The actuator actuates 
the trim tab through the push-pull rod. 


1.1.3 Indicator Вох (See Fig. 1-31) 


On the center pedestal is provided the indicator box which indicates 
the amount of the elevator trim control. 
The rotation of the trim control wheel which can be rotated forward by 
0.93 turns and rearward by 0.94 turns, is reduced by the reduction gears 
and the indication is shown on the dial with graduations marked on the 
face. 

Graduations of Indicator 


Rotation of Indication Tab Position Maximum 
Knob Scale 


rorward 


Rearward 


O position 


7.7.4 Procedures for Trim Tab System Adjustment (See Fig. 7-30) 


Neutral fixed points of system (3 locations) 


Cable drum Cable arum Rigging pin 


Trim actuator |Trim actuator | Rigging pin 


Push-pull rod Idle arm Rigging pin 
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A. Fix numbers 1, 2 and 3. 
B. Fix the elevator and the trim tab at neutral positions. 
C. adjust the push-pull rod. 


D. Tignten the cable. The cable tension should be 30 t 5 lb 
(+0,4 10/?F) at TO?T. 


Adjustment or Stopper 


E. The stopper for the trim tab system is built in the indicator 
box. The stopper comes in contact if the control wheel is 
rotated to the full and it can not be moved any further. 


1.8 Flap Control System 
7.8.1 Attachment of Flap (See Figs. 7-32 end 7~34) 


The flaps are qf Fowler type and the inboard flap is attached to W.Sta 
О to 4800 and the outboard flap to W.Sta 4800 to 9517 for each wing. 


On each flap are attached 2 sets of drag links and 3 sets of carriages. 
These drag links fixed to the flaps with hinges, are attached to the nut 
of the actuator screw jack with à bolts. Each carriage has 5 sets of 
rollers (8 ea.) holding L shape of the track(rail attached on the wing 
structure from the top, bottom, left and right sides. 


The flap is actuated hydraulically and controlled electrically, being driven 
by screw jacks. 


1.8.2 Flap Control Electrical System (See Fig. 7-33) 


In the hydraulic compartment is provided a flap hydraulic motor which 
drives the screw jacks. This system consists of simple wiring and three 
switches since the flap selector valve controlling the flap hydraulic motor 
is regulated electrically. 


(1) Composition 


a. Power 28Ү DC (from the emergency bus) 

b. Flap control switch (on the pedestal in the cockpit) 
c. Flap limit switch (in the flap center gear box) | 
а. Flap asymmetry (in the flap well) 

e, Flap overtravel (on the track) 


Page 52 


© Max 


"B^ Holler — 
Eccentric Bush "d 


"D^ кые 


014 '^ 4.008" 


Ercemric Bolt —/ ira (.35** +.20™) 
NS 
~~ Кесепігіс Hush 76 
S12 Point Hole NN SS 
EN 


feck Plate 


рее 15/61 


Wing Flap Removal fnatallatiun 
Figure 7-32 


ы | W 51A 180 Ke 
ЧФ we O d W ЭТА 1807 қ.” 
B Š 
` 22 “Chek Gaye — 0° ai ( q 
WHI QESE Base? ОЛ 
ж гай E 
NU f 
m "o. " 
Side Roller 
Carriage 
Track Carriage ^ 
\ 
\ e Bush e 
"A" Roller \ Eccentric Bus 
| \ \ ce fale 
\ \ \ Side Roller 
——— \ \ \ 
\ \ 
— —_ 


Flap ` Full Down 


e EE Shim 


Stopper 


s Full Down 


T 
Page 53 


к OH Ponta, 


и Flap Full Up, End Play at Trailing Edge 
Max 5732" 4" 


Detail A 


= Track 


XS 
pa nnm x Flap Check Gage -35 м 
01-96256 “М 


\ Jig Hole "B' ames A 
Flap 


y~ Actuator 


Actuating Nut — 


Serew Jack е. 


/ 
Drag Link ~” ua k; 


(Aisle CB P; 
28¥ DC 


Emer Bus ) 
me | ЧА ° 
Flap Cont < 81-24 
Overtrvel 
Ind Lt 4 | D a 
Eng Inst " > а е 
( Panel X (GES Bu 5-02 WI Asymmetry 
- ' [Jetertor 
Ағы ЕН 
T 4 1 EA i E 
ж А d «Да» [ 
Qt.) Thuy ШЕГЕ 
4 >Ó 
n Нар 
“ 81 gi Asymmetry | 
TARI Warning Lt CRP d taas © 
ping Flap Overtrave] Switches Flap Fla ' 
Y Over t P Eng Inst 
Full Full Cont rol \ 3 ( Panel дч ot 
Up Y Y Down w Center ` 4 
——À қ ,--------------------- Aug La Pedestal \ 
е 1 I D 
m 2 19155 


A 
19155 


КАР ANGLE 


et 54 за 
N 
1 - ar 
\ 
Y 
\ 1807 
4 ` 
\ 
` 
\ де”. 
LH Inbd Flap ) کے‎ 
\ Asymmetry —— 
\ 
dan nad | түзі Sw 
өз. \ enter ) HE. 1! £ ^1 
, X Pedestal CR GES? 
\ 
Cam Disc ар \ 
Т own \ 
Emer Flap Lim \ 
Cant Cable Sw \ 
Mechanical Down \ 
Stop Up ' 
' 
Sliding Nut | } | ЕТ : 
| 
| | 
| \ 
\ 
\ 
"m II 
ме”, 2224 \ 
T 
li \ 
! 1 \ Asymmetry 
te, d Г) 
1» eteclor 
' \ ` LH 
n ^T \ D 5 
| \ 
iV! 
Fiap Drive í А r == үө | 
Torque Tube М . ` \ 
ШЕ, ; ; Flap \ 
S Selector \ 
H : h ! | Valve | 
Flap И} | | и (Hyd Compt) 
Position H | А Flap liyd wt 
X mtr (| ni Motor ⁄ Fiap 
i и | H 
< Т 3 Ree 
io” > d 
POTA TON 


Manifold 


` 
+ 
ж % 
1 x 
ығ | ! ^ 
A ` 
is a M a Flow ll I! 
= Regulator 
Center ° 
Gear 
Вох 


Flap 
Asymmetry 
2 Relay 
Relief 
Valve и: 


Flap Electric System Schematic 
Figure 7-33 


Page 55 


„Flap Podition Indicator 


Ke 
> 


Handle 


/ 


| \\ sm Test 
Q^ ч. 
Flap Control Sw 
Detail A 


bw * eye 
Porque Tube 


р — 
UN жы „7 к "D 
| Т Ж l'lange Coupling 


Drag Link 


^ 
Screw Jack 
Chain Coupling 
Flap 
Detail C 


(No.1 Screw Jack) 


Note : All 4 screw jacks are almost identical 


Flap Emer 


Flap Selector Valve 


ЕТА 


Screw Shaft 


Gear Box 


2 2 
SES 2 z Torque Tube 
IA 5 5 * Ze 
Slide Assy ues J № 
Stopper \ Ik ығ 
Im BI Zz 
Chain S Ц 
„з Be LG e 
NCA, 1 A $ 
PR ІМ 
ЖА | 
| 
Flap Position | Flap Hyd 
Xmtr paar Motor 
Detoil В ; Flap Drive Center 


Flap 
Carriage 


Detail D Ж”; o 
(No.2 Track) iy № 


Note : All 6 tracks and Carriages 
are almost identical 


Wing Flap System 


Figure 7-34 


Pase 57 


(2) 


Operation 


If the flap control switch is placed in "UP" or "Down," the "UP" side or 
"Down" side solenoid of the flap selector valve is energized and 
hydraulic pressure is supplied to the "UP" or "Down" piping, driving the 
hydraulic motor to rotate the flap drive torque tube through gears and, 
in turn, move the flap. 

If the cam disc rotates as the flap moves, tho flap angle reacnes 09 or 
35°. Then, the flap limit switch is energized, shutting off power 
supply to the flap selector valve. As the torque tube is connected to 
the mechanical stop with chains, the flap stops at the mechanical stcp 
if the limit switch is inoperative due to failure or some other reasons. 
The flap overtravel indicating light beside the flap position indicator 
on the engine instrument panel comes on. 


7.3.3 Flap Hydraulic System (See Fig. 7-35) 


This system is provided to drive the flap. Several units have been 
introduced to maintain the flap driving speeds within reasonable range. 


(1) 
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Principal components of Hydraulic System 


A. Flas selector valve 


F 


B. Flap manifold 

C. Flap relief valve 

D. Flap hydraulic flow regulator 
. Flap drive hydreulic motor 


All the &bove units are located in the left forward portion of the 
nydraulic compartment. 


. . 


Operation of the whole system 


Hydraulic pressure from ine upstream hydraulic power system passes the · 
selector valve line corresponding to the flap control switch, the 
manifold and the flow regulator successively, driving the hydraulic 
motor. 


At the same time, the nydraulic fluic is connected to the flap relief 
valve which regulates the system pressure at 2000 psi. If the switch 
is turned off, the nydraulic motor is locked. 
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E, 


Pian FIVE Hydraulie Motor 
l'erfermanee (Viekers Ine.) 


Piston Суре 

MAX. press. Pange 3000 pj 

мах. speed 000 rp 

Torque produced 120 in.ib (at 3000 psi) 


ine nydraulic motor is a piston typo motor installed on the flap 


drive center gear box, producing rotating force by pressure fluid 
rrom the flow regulator. 


the first gear of the hydraulic motor drives the output shaft, i.e., 
torque tube at a speed reduced in two steps through a set of gears. 
The reduction ratio is 8.305, 


Another set reduces the output shaft, torque tube in 3 steps, with 
the first gear attached on the torque tube, at a reduction ratio of 
152.514, 

The cam disc with reduced speed operates the down and up limit 
Switcnes. The bevel gear with reduction ratio of 1:1 at the end of 
the cam Grive shaft rotates the flap position transmitter. The out- 
put shafts, i.e., torque tubes of the gear boxes for both wings 
produce a torque of 7.425 Kg.m. 


7.8.4 Flap Drive System (See Fig. 7-39) 


The flap drive system is operated mechanically. 


(1) Construction 


A. 


Page 64 


On each flap are fixed three carriages which slide along the track 
(rail) installed on the wing structure. 


On each flap are attached two drag links with hinges. 
Each drag link is attached to the nut of the actuator screw jack 


with four bolts. 


The actuators for the flaps are connected togetner with a torque 
tube. The torque tubes of the L.H. and В.Н. flaps are connected 
together at both ends of the cutput shaft of the center gear box, 


Numbering of Components of Drive Mechanism 


f Number i ; 
Drive Mechanism (‘Bath Wings) L.H. Wing В.Н. Wing 
ty | 


Torque tube 10 In fuselage No. 1 Same as tne L.h. 
in numerical! wing 
order 


Most outboard 
No. 

Flap actuator Inboard No. 

(Screw jack) 8 | 


m 


Same as tne L.i. 
Out board No. 


Тпооага №. 
Drag link 8 No. 
Outboard NO. 


d 


Track М? Мо. tne 


| Inboard No. 


Carriage 10 No. 


WN F*[Ox xn ew р Pie № HIE U nro хл 
л 
B 
Ф 
m 
ا‎ 


| Outboard NO. 


O^ VI 


(2) Principal Components of Drive System 
A. Hydraulic motor and flap drive center gear box. 
B. Flap mechanical stop 
С. Torque tube 
D. Flap actuavor 
Screw jack 
Drag link 


E. Carriage 


P. Track (rail) 
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(3) Operation of the Wnole System 


The torque of the flap hydraulic motor drives the torque tube through 
the gear box, driving the screw jack by the actuator to operate the flap. 


A. Flap angle 
aco +0° 
59 Wé 


В. Actuating time 


Full stroke of the normal travel angle up 25 to 30 sec. 
down 22 to 26 sec. 
س س‎ 


C. The amount of rotation of each component while the flap moves 
from 0° to 35° 


Center gear box input shaft 805 revolutions 
(hyd. motor shaft) 


Cam plate ЕРТ” 
` 
Torque tube 9T rev. 
Actuator screw jack | 35.5 геу. 


D. Asymmetry protection 


The asymmetry detectors located on the L.K. and В.Н. outboard 
flaps stop the flaps when the difference of the L.H, and В.Н. flap 
angles геасһев,19 to 3.59, lighting tne warning lamp at the same 
time. 


- 


Е. Flap Overtravel Switch 


d on the L.H. wing only, 1.е., on the up 
side and tne down side 1 ea., lignting tne flap overtravel indicat- 
ing lights on the В.П. part of the Гіар position indicator on the 
engine instrument panel when the flap overtravels the specified 
travel angle, stopping at the mechanical stop in case of failure of 
the up or down limit switch or flap overtravelling by emergency 


flap handle. 


These switches are provide 


1 
+ 
“ 


(4) Operation of Principal Components (See Figs, 7-40 and 7-41) 
A. Hydraulic Motor and Flap drive Center Gear Box 


The hydraulic motor of piston type produces 1.325 Kg.m of total 
torque at the output shaft through two sets of gears. 
The gear train consists of 


(a) Torque tube drive gear pinion and 
(о) Cam and transmitter drive gear train. 
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D. Flap Actuator (See Figs. 7-32 ana 1-83) 


The flap actuators are provided 2 ea. on the flaps. The L.H. and 
R.H. inboard flaps are interchangeable between them. So are the 
outboard flaps. 

It consists of the bevel gear box and the screw jack. The rotation 
of the torque tube is reduced to 14/38 by the screw jack gear box, 
being transmitted to the screw jack. The outboard flap has 3 Acme 
nuts. The actuators are connected to the drag links installed 2 ea. 
on the flaps with 4 bolts at the actuating nut section, driving tne 
flaps. 


E. Carriage (See Fig. 7-44) 


Ón each flap are fixed 3 carriages. The carriage with 5 sets (8 ea.) 
of rollers holds the L shape portion of the track from the top, 
bottom, left and right. The rollers are assigned symbols for 
identification. They are called A, B, C and D rollers from the 

front side of the carriage but no symbols are assigned to the two 
side rollers. However, they are called E tentatively in this train- 


ing guide. 

` А 

Name of Roller Kind 

A Roller Ordinary roller. 

B " Adjustable roller ) 
6 11 "n 7 
D 17 0 1% 

E (side roller) Rollers оп No. 1, №. 3, №. В and 


No. 6 tracks are adjustable. 
Rollers on No. 2 and No. 5 rollers 
are ordinary ones. 


The attachment of the flap is adjusted by means of these carriage 
rollers. 


Р. Track (rail) (See Fig. 7-44) 


The track constitutes a part of the wing leading edge structure. 
There are three tracks (rails) attached on the wing structure for 
sliding the flap. The track has two sections; I section and L sec- 
tion, made of Cr-Mo steel (4140) with hard chrome plating. 

As the track is a perfect arc, the flap rotates from 0° to 35? around 
an imaginary center shaft. The three tracks on each falp has the 


same curvature. 


7.8.5 Flap Operation 


The falp operation consists of the normal operation and the emergency opera- 
tion systems. The normal operation is described below,while the emergency 


operation is dealt with in Chapter 6. 
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Le Tigo control switch on the center pedestul is placed in 2 
"uz , the solenoid selector valve in the uydraulic compartment іс Cu ча, 
upplying pressure oil to the hydraulic metor wnicn begins to rotate. Tne 
rotating torque of the motor is transmitted to tne torque tube tnrougn tne 
е 


gear box, rotating the screw jack to drive the flap. 


د 


_ = 


Or the flap is ргоуідеі s сргоскеф which drives the 5 
mechanical stopper of the flap system. 

In the gear box is located а cam disc which rotates togetner with the gear. 
If tne flap completes its travel over the full stroke, the cam shuts off 
tne limit switch, de-energizing the solenoid o? the selector valve. Thus, 
the supply of pressure oil to the hydraulic motor is snut off, stopping tne 
hydraulic motor and locking it hydraulically. 


If the flap overtravels, the limit switch installed on the track of the 
flap is energized, lighting the indicator light on the instrument panel. 
Then, the flap control switch must be turned off. 

if the flap control switch is turned off (neutral), the flap stops at any 
position. 

The flap angie signals are transmitted to the instrument in the cockpit by 
the position transmitter installed on the gear box, indicating the flap 
angle on it. ` 


T.8.6 Emergency Control System (See Figs. 7-45 and 7-46) 


¿hnis system permits tne manual control of the flap selector valve of the 
System in tne hydraulic compartment in case of failure of the electrical 
system for the rlap drive system. 


On tne R.H. panel for the copilot is provided the flap emergency handle 
which is connected to the cable through a crank. The cable, adjusted to a 
tension of 13 kg + 1 kg, is connected to the lever actuating the selector 


valve. 


If the emergency handle is moved "up" or "down", the selector valve completes 
a hydraulic passage mechanically, driving the flap. In this case, however, 
the limit switch does not work electrically, necessitating the manual con- 


trol. 
7.8.7 Procedures for Flap Control System Adjustment 


Use the counter gauge to measure flap 09 which is used as datum for various 


adjustments. 


(1) Adjustment of Flap Attachment (Figs 7-32 and 7-44) 


Attach the outboard and inboard flaps to tne flap rails with 


A. 
carriage rollers А, B, C, D and Е. 


B. Check parallelism of each flap. Adjust it by rotating the torque 


tube, 


Tighten the bolt of the actuating nut so that the misalignment of 
each screw jack and drag link bush is less than 1.5mm. 
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cuts ory the electrical circuit to the лар selector valve, 
ee Warning lamp at the sume time, if asym otry of i? to 3.5? is ʻe- 


L 
` 
tected between the flap angles of both wings. 


em is also provided with a test circuit. The asymmetry detectors are 
са еа, on the trailing edges of tne L.H. ané R.H. wings. The 
asymmetry is detected from the angles of the outboard flaps. 


(1) Principal Components 


. Flap asymmetry detector 

. Flap asymmetry system return spring 
Flap asymmetry relay 

. Flap asymmetry test switch 


C C) b re 


A. Flap Asymmetry Detector 


“ 
Тһе detector is installed inside the Ко. 5 track (center) of the 
outboard flap in the flap well, 1 ea. on the L.H. and В.Н. flaps. 


«ре main body consists of 3 cam plates and the corresponding limit 
switches located on the same shaft and the movement of the flap 
rotates the cam snaft through an actuating cable connected to the 
leading edge of the flap. 

B. Flap Asymmetry Return Spring 
This draws in the actuating cable wnen tne flap is up. 

С. Flap Asymmetry Relay 
"his consists of two sets of contacts. One set is used to shut 


off power supply to the flap selector valve, while the other is not 
in use. 
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А. Flap Selector Valve (See Fig, 1-36) 


Performance (Sumitomo Preeision Industry Co.) 


Min.operat- 
ing pressure 


250 psi | 


- Return side 
ating 3006 | 3000 psi — | 1090 psi 
1500 psi 


Electric circuit Close Within 0. Ol сес, 


Electric circuit Within 0.10 sec. 


This is an electro-magnetically operated 4 way valve. Its up and 
down lines are closed when electric power is not supplied to it. 

The up and down ports are switched by opening or closing the valve 
inside electro-magnetically. If hydraulic pressure is not avail- 
able, the ports are not switched even though electric power is 
supplied. The emergency flap handle pushes the buttons on the valve 
mechanically through a cable to drive the flap. 


Pressure 
range 


Operating 
time 


В. Flap Manifold (See Fig. 7-35) 


The hydraulic fluid coming from the up or down port of the flep 
selector valve is divided in this manifold to the flow regulator 
and the flap relief valve through a check valve, 


VA Flap Relief Valve (See Fig. 7-37) 
(Teijin Seiki Co.) 


The hydraulic fluid divided in the manifold, regulates the flap 
operating speed, and it is also regulated by the relief valve at 
2000 +20 to avoid fast cut-in and cut-out cycle of the unloading 


valve. The hydraulic oil from the relief valve goes to the return 
line and the remaining portion goes to the flow regulator, 


D, Flap Hydraulic Flow Regulator (See Fig. 7-38) 


(Teijin Seiki Со.) 


In the up line and the down line of the flap manifold outlet are 
provided the flow regulators of the same type, l ға, The hydraulic 
pressure of this flow regulator is above TO psi, the flow being 
regulated at 1.75 GPM in the down side and 1.5 GPM in the up side. 
The hydraulic fluid thus regulated flows into the hydraulic motor, 
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(а) Torque tube drive gear trein 


The first gear driven by %:= hydraulic motor drives tn 


shaft to the torque tube & a speed reduced in two steps. 


The reduction ratio is 8.30. 
(b) Cam and transmitter drive geor train 


This consists of another set c? gears anstalled on the 
shaft of the (a) set. ` 


out pur 


The output shaft drives the cam disc and the flan position 


transmitter through the first gear installed on it at 
reduced in 3 steps. The reduction ratio is 152,51. 
The cam disc actuates the flap limit switch. The beve 
at the end of the cam disc shaft rotate the flap posit 
transmitter at 1:1 speed. 
From the front side of the gear box is protruding tne 
shaft which is connected to No. 1 torque tube at both 
On the output shaft protruding to the right is install 
sprocket which is connected to the mechanical stop mec 
through chains. | 

` 


Flap Mechanical Stop 


1 gears, 
ion 

output 
= 
e 
hanisr 


= e 
v 
с 


4 
Ka 
Aa 
a 


The mechanical stopper is installed on the ceiling of the hydraulic 
compartment. It stops the flap positively in case of failure of the 


flap limit switch or if the flap is travelled too much by m 
the flap emergency handle. 

If the stopper screw is rotated by the sprocket and chains, 
sliding nut moves to the left or to the right, placing the 

nut in contact with the stopper assembly. 

Shock absorbing rubber is provided on the stopper assembly. 


Torque Tube 


The torque tubes are made of 1"¢ stainless tube. 5 of them 
provided on each wing, connected together with chain couplin 


eans о? 


the 
slicing 


are 
155 OT 


flange universal couplings. The chain couplings are used where 


the torque tubes are connected in a straight line, and the 


flange 


universal couplings are employed where directions are changed. 


Torque tube Coupling 
No. 1 Both ends Chain 
No. 2 H Universal 
No. 3 a Chain 
No. 4 у Universal 
No. 5 M Chain 


On the midway of the torque ' 
avoid its swinging motion. The screw jack 15 connected to 


bevel gear box with a spline joint. 


tube is provided а bakelite bracket to 


the 


D. Connect tne torque tube between screw „ieks. 


Е. Set the counter gauge. After adjusting 3, C and D rollers for 
No. 1, No. 3, No. 4 and No. б rails so stat tne flap is flush 
with the wing contour, adjust rollers fc’ Но. 2 and No. 5 rails. 


F. Lower the flap taking t voard side (topper of Но. 1 rail rear 
stoppers as datum until it comes in contact with "C" roller. 

G. Connect the actuating torque tube between L.H. and R.H. flaps. 

le 


The clearence between "C" roller and tne stopper shall ое 
then 0.5mm. 


Н. Adjust the side rollers "E" for both inboard and outboard flaps. 
Inboard side clearance for No. 2 and No. 5 +0.5 to 1.0 
Outboard side clearance for No. 2 anā No. 5 40.5 to 1.0mm 


(2) Adjustment of Flap Actuating Mechanisz 
A. Adjustment of Gear Box Limit Eiter (Fig. 7-40) 


(a) Set L.E. and R.E. inocerd flaps to 0 on the counter gauge. 


(b) Adjust the attachment of the cam and tne limit switch so tnat 
the up limit switch of tne gear рох is turned off when the fle; 
is up at 05 and the down limit switch is turned off when tne 


flap is down at 34° to 35°, 
В. Adjustment of Mechanical Stop Mechanism (Fig. 7-41) 


(а) With the flap up and the mechanical stopper in contact, rotate 
the sprocket towards the down side by 440.5 teetn. 


(b) Actuate the mechanical stopper while the flap is down. 
check the clearance between the flap roller and the rail 
stopper. If tnere is no clearance, adjust the nut of the 


mechanical stopper. 


nen, 


C. Adjustment of Over Travel Switch 


(a) With the flap up at Pa adjust the adjusting nut so that the 
clearance o is 1 to 2 mm. 


(b) With the flap down and the mecnanic&l stopper in contact, 
protrude the bolt by 2 to 3 пл and lock it. 
(3) Tolerances 


* = . +0) 
Спогёмі ѕе 
ë -4 Cmm 


+ 


Misalignment between tne flap 


trailing edge anû the wing contour : Vertical £1.5muz 


T.O to 13.0zz 


2. Inboard flap and outboard fl 


3. Play of flap trailing edge (both ігооггі: Max 4.0m 
and outboard) 
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n. Flan Asymmetry Test Hw to 
1 ¥ 7) Wi teh 


This permits eleetrical check of the asymmetry circuit. This cneuld 
not be used to determine whether іше system comes into action at 

Q 4. = O ` qa 
i" to 3.5" of the flap angle difference, 


(2) Operation 


The asymmetry system operates on tne mechanical functions and the elec- 
trical functions. 


-ne detector consists of 3 саш plates installed on the same shaft and 
the corresponding limit switches. 


Ihe cam lobes of the 3 cam plates are located 120? apart from each otner. 


Consequently, if the cam shaft makes one rotation, each cam actuates 
the limit switch for 120°, 


On the other hand, on the leading edge of the outboard flap is installed 
one end of a cable while the other end drives or is driven by a drum 
installed on the wing trailing edge. The cam shaft of the asymmetry 
detector, connected to the rotating shaft of the drum, detects tne 
amount of rotation (flap angle) of the drun. 


The detectors for the L.H. and В.Н. flaps are connected electrically 
and cut off the electrical circuit to the selector valve and light the 
asymmetry indicating light {red) in the cockpit when the Г.Н. and R.H. 
flap angles become asymmetric (disturbing the limit switch actuating 
sequence of the cam lobes). 


(3) Adjustment of Flap Asymmetry Detection Mechanism (Fig. 7-47) 


А. Fix tne outboard flap so that the clearance between the rear 
stopper and the upper rear part of tne carriage ("C" roller) 
is 21.5 mm (Flap angle 34°), 


B. Fix the rig pin in the cable drum, 
C. Compress the return spring to fix the rig pin. 


р. Adjust the terminal fitting so that the position of the pulley 
in the sliding groove for attachment is within the specified 
limits and then lock 1%. 


E. Wind the cable arouna the drum (small) by 3 turns, wind it around 
the drum (large) by 1/4 turn, adjust the cable length by means 
of the turnbuckle and terminal, and lock it. Never tighten the 
eable until the spring washer can-be seen from the spring washer 
position inspection hole. f 


Dec 15/67 | 7 
Page 79 


Cable Drums 
EE 
л. соз 
e іе > 
Actuating Cable ett 
М ch 
Ba 
UO. CM , 


Actuating Cable 
(10+ 21.b) 


Flop 
Full Down 
Position 


Pege 80 


v7 Return Cable ^ 


vu d ГА ғ. ind 
M 
e ч 
fe | 
А "ei UM 
222 j " 2 о 
И. MONS 7 
ә” , ^7 Ко. M 
г Ri Pin ық NN 
IU | V Ew N ST 
А 6400 
Sen < `` У 
роль S “2 Ka ` 
2. Ux XL Asymmetry Detector 
boe T a v / 
RON 


^ ж 
52-2 


Switch (Jea) 


о À R Cam (3ea) 
с 
ES wi Asymmetry Detector 
KS ج‎ 
Heturn Cable WN 
Za 
k” 
w 


Return Spring 


“Тар Asymmetry Detector Assy 


ligure 7—47 


-96230-9 1 


Rig Pin 01 


"e `x 
4 7 
ж 


Cabie Terminal 


5 )Cable Drum (Smali) 


Detector 


3 )Cabie Drum (Large) 


` 
d 


Cable Drum{ Small 


“Marking 


(White Paint) 


v 
26 
ы 
mg 

- 

مد 
E‏ 
= 
L‏ 

A 
t 

D 
a 

O 


Wing Flap Asymmetry Pruicction System Rigging 


Pase 51 


Figure 7—48 


Figs. 7-50 and 7-51) 


ІТ tne gust .OCX lever on the right hand side of the pedestal in the cockpit 
5 moved зогчага, pins enter the gust lock quadrants for the control surfaces, 
ixizg them at their neutral positions, respectively. 


CCAS tne aileron with a gust lock quadrant at tne lower 
tuce in the flight control compartment, the rudder with 
ск quadrant at the rudder torque tube and the elevator with a gust 


look quscrant at the elevator torque tube. 


The cont rol surZaces can be locked even though they are not in their neutral 
tions. “пе lock pins are engaged and the control surfaces are locked 

17 the control surfaces are moved towards their neutral positions while the 

lock -емегѕ are placed in the lock positions. 


Between tne gust lock lever and the low stop lever is provided an interlock- 
ing mechanism, 


7.9.2 Control Lever and Locking Mechanism (See Fig. 7-51) 


=ч 
F” 
ш 


Composition 


д 
B. oust lock lever 
С 


The three control surfaces are provided with the same gust locks 1 
её. The gust locx consists of a gust lock assembly with a knock 


pin and a gust lock quadrant. 


Tre gust lock lever is located on the R.H. side of the center 
pedestal in the cockpit and it has two positions, i.e., "ON" and 


"ОЕ", On the rotating shaft of the lever is provided the inter- 
ісскісд lever which does not permit the low stop lever to move to 
"UPLIOEZ" when the gust lock is "ON". On the other hand, the gust 


lock cen not be engaged if the low stop lever is in "FLIGHT", 


3, 
ct 
к 
k 


til 
(D 
j- 


пе center pedestal is located а quadrant which is actuated 

t lock lever through an idle and two rods. Two 3/32" 
., lock cable and unlock cable are connected to this 
This cable is separated into two sets at a triangular 
ting, one set running to the aileron gust lock. The other 
one is separated again into two sets at the cable end, being connect- 
ed to the elevator end the rudder gust locks, respectively. The 
unlock side cable nas always less tension than the lock side. 
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(22) boch Меча а 


A puaucpul! rod is attnehed Lo the ust Jock lever, actuating а quaá- 
runt at its end (below the floor) Lo transmit the lever movement to the 
cable, This push-pull rod is installed with 6° overtravel in relation 
to the gust lock lever. As the rod with the interlocking lever moves 
heud of the rotating shaft of the gust lock lever, the gust lock 
lever moves forward ubruptly, accomplishing the over center locking. 


Under the above conditions, the control surfaces are locked against 
the unlock spring, the over center lock of the locking mechanism in 
disengaged automatically if the lover is pushed hard rearward or the 


cable 1s cut, drawing back the lever by the unlock spring of the gust 
ісек to be unlocked, 


Even if the gust lock is in the lock position, there is play at the knock 
of each gust lock, Consequently no excessive force is applied to the 
mechanism of the control system. Under this condition, each knock pin 
enters the hole of the corresponding quadrant and is locked if the pedal, 
control column or aileron control wheel is placed in their neutral posi- 
tions, respectively. 


7.9.3 Procedures for Gust Lock System Adjustment (See Fig. 7-55) 


(1) Neutral Fixed Points (4 locations) 


Quadrant Qaudrant 


Aileron gust lock Gust lock Ass'y 
Rudder gust lock " 
Elevator gust lock 


It 


(2) Adjusting Procedures 


Place the gust lock levers in the "UNLOCK" positions. 
B. Fix numbers 1, 2, 3, and +. 


C. Adjust the cable in accordance with the tension chart in Fig. 7-56. 


р. Dislocating the three control surfaces from their neutral positions, 
place the gust lock lever in the "LOCK" positions. 


E. More each control surface and make sure that the knock pins enter 
the quadrant holes and the control surfaces are locked. 
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Chapter В  IESTUUMENT S YSTEM 
8.1 General 


All the instruments for the YS-11 are installed on the main instrument 
panel, L.H. side panel and overhead instrument panel arranged in tne 
cockpit. These instruments consist of air data instruments, gyro instru- 
ments, liquid quantity instruments, pressure instruments, temperature 


instruments, engine instruments, navigation instruments and miscellaneous 
instruments, 


8.2 Cockoit Arrangement 
8.2.1 General 


In the cockpit are arranged the following instrument panels: 
(1) Main Instrument Panel 


On this instrument panel are installed the navigation instruments, 
engine instruments, instruments for fuel, instruments for the 
hydraulic system and air data instruments. 


(2) Overhead Panel 


On this panel are installed the voltmeter, ammeter, temperature 
indicators, switches and indicating lights. 


(3) Side Panel 


On this panel are installed the instruments for air conditioning 
system, switches, indicating lights and levers. 


(4) Auxiliary Panel 


On this panel are installed the switches and indicating lights for 
propellers and fire extinguishers. 


4,2,2 Main Instrument Panel 


The main instrument panel is fixed to the mounting frame with Camloc 
fasteners and the frame,in turn, is fixed to the airframe with shock 
absorbers, | in the upper and lower sections and 2 in the forward and 

rear sections. These absorbers absorb shocks, protecting the instruments. 
The brackets attached to the main instrument panel together with the 

fittings on the frame serve as hinges. When the panel is pulled out forward, 


it is held in position by supports. 


Instruments are removed from the back side of the panel, after removing n 
screws fixing the panel to the frame. However, the following instruments 
c&n be removed from the front side of ihe panel, only &fter loosening 


clamp holder screws: 
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Figure 8—3 


(1) Fuel Flow indicator 

(2) Free Air Temperature Indicator 
(3) Fuel Quantity Indicator 

(4) Hydraulic Pressure Indicator 
(5) Hydraulic Quantity Indicator 
(6) Flap Position Indicator 


8.2.3 Overhead Panel 


beams directly with fasteners. Only the aft panel сап be opened down- 
wards by means of hinges. 


(1) Forward Overhead Panel 


On thisxpanel are installed the switen lights for exterior ilignving 
system, start and ignition system, and fire extinguisner ѕуѕтег. 


(2) Center Overhead Panels 


The switch lights and voltmeter for DC power source system are instai-~ 
led on its right hand side, the ammeter and switch lights for fuel 
control system in its center and the voltmeter and switch lignis for 
AC power source system on its Let hand side. 


(3) Aft Overhead Panel 


The light dimmer adjusting knobs for the cockpit are instal ed on its 
both sides and indicators, lights, switches etc. for wing & tail de- 
icing system are installed on its center. 


8.2.4 Side Panels 


Fach of the L.H. and R.H. side panels consists of the forward, center and 
aft panels, detachable by removing fasteners, 


The speed warning bell is installed on the forward panel of the L.H. side 
panel; the nose steering handle, audio control and wiper speed control on 
the center panel апа the O5 demand regulator on the aft panel. 


The landing gear emergency handle, lights for the door and switch lights 
for air conditioning are installed оп the forward panel of the В.Н. side 
panel; the instruments, for air conditioning, control panel, switches, 
lights and hydraulic by-pass lever on the center panel and the emergency 
flap handle, manual selector lever, Ор demand regulator etc. on the aft 


panel. 
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one frame with à screws. 


On this panel are installed the switches 4 


propellers anê switch lights for fire extinguisners. 


5.2.6 Other Equipment 


3.3 


On the center pedestal are located ine control pane. Tor electronic eguip- 
ment, levers for power plant, trims for flignt control surfaces and 
switches. In front of tne pilot and the copilot is previded tne cel 


windshield glass and at its lower end are located tne 215 roce se 
stand-by compass. 


Air Data Instruments 


3.3.1 Pitot Static Pressure System 


Page 


The pitot system is a completely independent system, waking tne cynacic 
pressure by means ог the Pitot tubes. These tubes are Locate on іле L.E, 
and В.Н. sides of the airplane nose section and provided wiin neat 

deicing. The pilot side Pitot tube provides Cynamic pressure to опе Seet 
side instruments and the copilot side Pitot tube provides Gynari 

to the speed warning pressure switch in the electrical compartment 
the shut off valve located on the В.Н. side panel, as well as vo ле co- 
pilot side instruments. 


er TOT 


Lie 
c) 
"CO 
ch ң 


On the other hand, the static ports are located symmetrically on the L.H. 
апа В.Н. sides of the lower part of the fuselage aft of the entrance door. 


The static ports are provided l ea. for the pilot, copilot апа emp_ifier. 
The static port for the pilot is connected to the instruments Гог the 

pilot via the static selector valve located on the instrument panel for 

the pilot. The static port for the copilot is connected not only to the 
instruments for the copilot via the static selector valve located on the 
instrument panel for the copilot but also to the cabin pressure differential 
indicator via the shut off valve located on the R.H. side panel. 


These ports are provided with heaters for deicing. 


The static selector valves located on the main instrument panels for tne 
pilot and the copilot are connected to a port for use in emergency and 
they can be switched to the emergency port if necessary. 


The amplifier port provides static pressure to the components in the 
electrical compartment. To check the Pitot tube leakage, a 300 Kt vres- 
sure is applied to it for 1 min. The leakage should not be more than 5 At 
To check the static tube, a suction corresponding to 8,000 ft is applied @ 
to it for 1 min, The leakage should not be more than 3,000 ft. 
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5. Power 


nee depending on the free air 


Indicate: 


air temperature indicating system is provided to indicate tne 


This system includes а temperature sensing bulb 
On the В.Н. side of the forward fuselage is 


the sensing bulb made of nickel resistance wire which changes its 


temperature, sending signals to the 


The scale of the temperature indicator is graduated 


апа +50°C, 


— `` ` 
Fall Warning System 


The electric power supplied to the gyro instruments for the pilot ani the 
т \ ¬ ` ` . ж <` — ge d ~™ 

copilot is 400 с/з, 115V, 3 phase current which is converted from 5115-е 
phase current by a phase adapter since the inverter output is single pnase 
current. Thus, in order to warn the failure of power to the gyro instru- 
ments,& power failure light is provided on the instrument panel. 
183 У. 5 ch Y ` + “дд = У, `` “д ra ch en ч + 1 +“ лл 
¥ nen 915 А де { 211% 25 on 5 power 15 no “ ж ео wo тле ут 95 sna when А ы 15 now 9 
power is Ted to the gyros. 

8.5.2. Attitude Gyro Indicator 
Tris instrument utilizes the gyro rigidity апа its outer case moves 
relatively depending on the sircraf sttitude во that the gyro shaft can 
be kept vertical all the time. The power supplied is 115V, 400 c/s, 3 
hase with phase rotation of A-B-C and the gyro runs at 21,000 гра. 
w BI =’, í enz г > Sa locsted an "avo T AL which í лчечх а ар 3 7”, е гъ < эмге ^ 
insiae „пе inàicsuvor — са 4 ا‎ P - Ius ч дА. \- А 15 ac MM Ae E, Au Eh, س‎ a. sing. o 
phase, АС notor. On the front side of the instrument are provided a cage 
“nob snd ап attitude knob. The sphere or the gyro can be set to the 
neutral position from &ny position by pulling out this cage knob. 
Теіп in pitch direction can be taxen 59 upwarés and 10° downwards by 
rotating the attitude knob. 

5,4,3 Turn and Bank Indicator 
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movement of the needle which covers a range Up to 1509/шіп, 5/32." 

The needle moves to the left for the lert turn and to the right Гог the 
right turn. 


а: го Powe Plight, Lhe bald ov the benk lndi;cutor rust lr “ы” сетте 
Lion of gravity, that is, at the center or the level, but when the nircratf* 
is slipping sideways, the ball moves to the direction of the resultant 


force of gravity and centrifugal force. The motor operates on 115V, 456 
c/s, 3 phase with the phase rotation of A-B-C at 22800 гра. 


5.5 Liquid Quantity Indicators 
5.5.1 Fuel Quantity Indicator 


The fuel quantity indication in the Ү5-11 is based on the principle of 
electric capacitance measurement. The tank unit is always submerged in 
fuel in the tank and compares its electric capacitance with а reference 
condenser, transmitting signals to the indicator, to keep the circuit in 
balance, Consequently, the scale of the indicator is graduated in weight. 


In the fuel tank are installed three tank units connected in parallel and 
by the side of the innermost unit is located a compensator submerged in 
fuel all the time, making compensation for temperature change. If the 
temperature of fuel rises and its density decreases, the dielectric constant 
increases. As such variation results in erroneous indication, the com- 
pensavor is provided to correct this error. Ай amplifier is provided 
between the tank unit and the indicator. This emplifier consists of a 
reference condenser, amplifier to amplify the follow up signals, indicator 
and variable resistor for adjustment of the zero point and the full point. 
By the indicator is provided a test switch which is used to break the 
balance of the fuel quantity indication to return the needle to zero. 


5.5.2 Hydraulic Oil Quantity Indicator 


Àn indicating system of electric capacitance type is provided to indicate 
the oil quantity in the hydraulic reservoir. Its operating princivle is 
the same &s that of the fuel quantity indicating system, consisting of the 
tenk unit, amplifier and indicator. However, no compensator is provided 
since the hydraulic oil is not sensitive to the temperature variation. 

The scale of the indicator is graduated in %. 


8.5.3 Water Methanol Quantity Indicator 


This indicator is provided to indicate the water methanol quantity, This 
system consists of a signal generator in the methanol bag tank and an 
indicator located on the main instrument panel. This system is of DC 
selsyn type and its scale is graduated in U.S. Gal. The signal generator, 
utilizing a float to change electric resistance, transmits the signals to 
the indicator. The instrument has the following marking: 


Red radial 30 U.S.G. 
Yellow'arc 30 to 38 U.8.G. 
Green arc 38 to F U.S.G. 
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3.3.2 Airspeed Indicator 


The airspeed indicators are installed 1 ea. on the panels for the pilot 
and the copilot, indicating the airspeed of the aircraft. The indication 
is given in knots, ranging from O to 400 Kt. On the back side of the 
instrument are provided "P" and "S" connections which are connected to the 


Pitot and the static tubes, respectively. 
5.3.3 Speed Warning System 


À buzzer goes off and lights come on when the airspeed re&ches Уло t 6 Kt, 
to inform the pilot of Vno at a given altitude. | 


Vno 2t various altitudes is given below: 


O to 13000 ft 285 Kt 
16000 ft 231 Kt 
19000 ft 218 Kt 
22000 ft 20h Kt 


The buzzer is located on the L.H. side panel and the lights are installed 
above tne &irspeed indicators for the pilot and the copilot. Above the 
airspeed indicato? for the copilot is provided & button which is used to 
check the speed warning system of the aircraft. 


8.3.4 Altimeter 


The altimeters are provided 1 ea. for the pilot and the copilot, indicating 
pressure altitude of the aircraft. The indication is given in feet with 

a long needle of 100 foot index, 1 turn corresponding to 1000 ft, an 
medium needie of 1000 foot index, turn corresponding to 10000 feet and a 


short needle of 10000 foot index, 


In front of each instrument is provided a barometric pressure setting 
knob which permits to set the barometric scale (28.1" to 31.0") to any 
desired pressure. On the back side of the instrument is provided a static 


connection, 


8.3.5 Rate of Climb Indicator 


The rate of climb indicators are installed 1 еа. on the instrument panels 
for the pilot and the copilot, indicating rate of climb or descent of the 
aircraft per minute. This instrument is divided into two zones ~ the upper 
zone for climb and the lower zone for descent, with logarithmic scale 
graduated from 0 to 6000 ft/min. On the back side of the instrument is 
provided & static pressure connection. | ] 
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Hp Preasure Instruments 
8.6.1 Hydraulic Pressure Indicator 


The hydraulic pressure indicating system is provided to indicate the 
hydraulic pressure, 


in the main hydraulic system line and the emergency hydraulic line are 
located the signal generators which convert the hydraulic pressure into 
electric signals and send them to the instrument. There is provided only 
one instrument which сап be switched to EMERGENCY or NORMAL by tne selec- 
tor switch. This system is an auto-synchro operating on AC 26V. 


Ihe scale of the instrument is graduated from O to h000 psi and it is 
provided with the following marking: 


Red radial 2500 psi 
Green arc 2500 to 3300 psi 
Yellow arc 3300 to 3500 psi 
Red radial 3500 psi 


5.6.2 Cabin Supercharger Discharge Pressure Indicator 


This indicator is an AC synchro instrument, consisting of а signal gene- 
rator and an instrument, and indicates the delivery pressure o? the cabin 
supercharger. The signal generator converts the pressure difference 
between the outlet and the inlet of the cabin supercharger into electri 


==. 


signals which are transmitted, in turn, to the instrument located on th 
В.Н. side panel. This indjcator has two needles, No. 1 Гог the L.E. 
supercharger and No. 2 for the R.H. supercharger. The scale is graduated 


between O and 22 1b/in*. 


8.7 Deleted 


8.7.1 Deleted 
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UC 


5.5 


8.8.1 


Fusine lnstiiunents 


Torque Pressure Indicator 


АСА 
іп the axial direction represents the torque. This is converted оу tne 
Signal generator into electric signals which are transmitted to the 
instrument in the cockpit. The indicator is graduated between Û апа 500 
psi and provided with the following marking: 


When the engine shaft horse power is transmitted to the propeller, 520 


Yellow are O to 40 psi 


8.8.2 Engine Speed Indicator 


On the gear box of the engine is mounted a tachometer generator which 
transmits signals to the indicator in the cockpit. 


The tachometer generator generates a voltage with frequency in proporvion 
to the engine speed in 3 phase Y connection and sends it to 3 prase winding 


of the indicator. Thus, the rotor in the indicator is moved апа tne need.e, 
in turn, moves. 


` 


The indicator has two needles, long one for 100 rpm index and short one ror 
1000 rpm index. It is also provided with the following marking: 


Green are 8000 to 15000 rpm 
Red radial 15050 rpm 


8.8.3 Turbine Gas Temperature Indicator 


12 thermo couples in 6 sets of 2 are installed in parallel on the inter- 
nediate turbine nozzle guide vanes to measure the temperature of the gas 
flow. The thermal electro-motive force generated in them is transmitted 
to an instrument in the cockpit. The instrument 1s a millivoltmeter | 
with а scale from 0° to 1000°C. 


The indication of this instrument is restricted by 25 ohm external resist- 
ance and is set at 780°C, The indicator is provided with the following 
marking: 


Green arc 55090 to 820°C 
Yellow arc 820°C to 865°C 
Red arc 865°C to 890°C 
Red radial 890°C 


8.8.4 Fuel Flow Meter 


Page 


This system operates on AC 26V, synchro, consisting of a transmitter and 
an indicator which are located in the landing gear nacelle and in the 
cockpit, respectively. The transmitter consists of a rotor with rotating 
vanes driven by fuel flow and a synchro with a magnet coupling. The 
synchro converts the fuel flow into electric signals which zre transmitted 
to the indicator. The scale of the indicator 1s graduated between 0 and 
2000 lb/hr. 
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When the fuel trim actuator is moved, the amount of trimming is indicated 
on an instrument. That is to say, the signals generated by the rotor of 
the transmitter moved by the lever mounted on the tip of the trim actuator 
are sent to an indicator located in the cockpit. This indicator has two 
zones; the left one for the L.H. engine and the right one for tne R.H. 
engine. The scale is graduated in Z. 


5.3.5 Oil Temperature Indicator 


А bulb anc an indicator are provided to measure and indicate the tem- 
perature ог Oil. The bulb is located at tne inlet of the oil pump of 
each engine. Its resistance changes depending on the temperature of oil 
so thet the oil temperature can be indicated on the indicator. The scale 
of the instrument is graduated between -50°C and +150°C. The instrument 
is previced with the following marking: 
Red radial -309С 
Yellow ere -30°C to -15°C 
Green are -15°C to +120°C 
Red recial +120°C 
5.5.7 0i1 Pressure Indicator 
This inéicating system measures and indicates the oil pressure. Its 
sranszitver is mounted on the right hand side of each engine compressor 
case. The scale of the instrument is graduated between O and 40 psi. 
75 is ап auto-synchro operating on AC 26V. The instrument is provided 
with the following marking: 
Red erc О to 9 psi 
Yellow arc 9 to 14 psi 
Green arc 14 to 30 psi | 
2.9 Navigation Instruments 
See Chapter 10, ELECTRONIC SYSTEM. 
2 "C Miseslleneous Instruments 
-.-“ LIDL 
8.10.2 Сісск 
3 дау clocks are mounted 1 ea. on the instrument panels for the pilot 
end the copilot. 
6.10.2 Flap Position Indicator 


>O ‘оп indicator is provided to indicate the flap angle. This 
сустес is of desyn type operating on 20V DC, and the transmitter is 

0 e flap gear box through a bevel gear. As the flap gear box 
‘nals аге sent to the indicator. The scale is graduated between 
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The electrical system of the YS-11 consists of tnc following 3 systems: 
(1) DC power supply system 

(2) Constant frequency AC power supply system 

(3) Wild frequency AC power supply system 


The DC power supply system constitutes the master circuit of а.1 tre 
electrical circuits and its wiring is grounded by & single wire. 


DC power source consists of two engine driven DC generators, two Lead 
batteries and an emergency battery and suppiies DC power to the loads 
througn their respective buses. 


If engine starting with airborne batteries is desired, it is necessary to 
replace the lead batteries with 4 Ni-Cd batteries. 

` 
On the ground, external power is made available from the external power 
supply receptacle located at the bottom of the left hand side of the 
nose section of the fuselage, 


The loads for which this power is used include general control circuits, 
heater circuits, pump and motor circuits and inverter circuits. 


The constant frequency AC power supply system uses three inverters to 
generate 115V, 100 с/з single phase power. Power from this system is used 
not only for radios and instruments but also for various control circuits. 


The wild frequency AC power supply system (referred to аз W.F.) uses two 
engine driven alternators to generate 150V three phase power on the ground 
and 204V three phase power in flight. The power is used for de-icing 
engines and propellers, foot warmer, galley etc. which are not affected 
by the frequency variation. 
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9,2,1 General 


The DC power supply system vonsists ог four systems. 


(1) 


(3) 


Dv Generator System 


One l2 KW DC generator is provided on each engine gear рох, supplying 
power to the DC main bus. The voltage of the generated power is 
maintained automatically at 28.0 + 0.2V in case of leed batteries and 
28.5 + 0.2V in case of Ni-Cd batteries. 


Battery System 


2% АН lead batteries are installed 1 ег. in the L.E. end R.E. 
nacelles (22 AH Ni-Cd batteries are installed 2 ea. in the L.H. and 
А.А. nacelles of the airplanes in which engine internal starting is 
conducted, ), supplying power to the DC emergency bus. 


Emergency Battery System 


One OMAH Ni-Cd battery is installed in the belly cargo compartment, 
supplying power to the crash bus, 


External Power System 


When power is supplied to the aircraft on the ground, the ground 
power unit is connected to the aircraft at the external power panel 
located on the L.H. side of the fuselage nose section, to supply 
power to the main bus. 


DC Power Distribution 
The DC power supply system consists of the main bus, emergency bus 


and crash bus, connected to normal loads, emergency loads and fire 
extinguishing circuits, respectively. 


9.2.2 Operation of DC Power Supply System 


(1) 


When External Power Supply System is connected to Main Bus 


After connecting the external power supply to the external power 
supply panel, start the external power supply. Place the battery 
switch in "EXT. Then, the external power light comes on, indicating 
that the external power supply is connected to the main bus. Its 
voltage can be read on the voltmeter, 


When Battery is connected to Emergency Bus 


If the battery switch is placed in "BATTERY," the battery power 
supply is connected to the emergency bus, Its voltage can be read 


on the voltmeter. 
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(3) When DC Generator is connected to Main Bus 


When the engine is running at idling speed, the 
ting DC power but the power is not supplied to the main bus yet. 

If the generator switch is turned on, the contactor cuts in automatical~ 
ly permitting the generated power to be fed to the main bus and its 
voltage Can be read on the voltmeter. The voltage is, of course, main- 
tained at a certain voltage by the automatic voltage regulator. If 
something goes wrong, the system ig tripped by protective devices 
against over-voltage, grounding failure and reverse current, cutting 

its connection to the main bus and the generator fail light comes on. 


generator is genera- 


If the fail light is on when the generator is not in operation, the 
contactor must be faulty. 


9.2.3 DC Generator 


12К\ engine driven generators are installed 1 ea. on the gear boxes of tne 
L.H. and R.H. engine nacelles, generating and supplying DC power to the ,. 
main bus. The generator has four terminals; "A, B, C, and DU being ‘Al +! 
en exciting winding terminal, "B" а DC power supply + terminal, "D" an Gy 


equalizer terminal and "E" а DC power supply - terminal. 
` 


T> - 


As cooling air, ram air is led through the duct from the intake located on 72 
the right side of the nacelle and blown out from the right hand side outlet | 
through the exhaust duct after cooling the generator. 

Furthermore, the engine bleed air is led into the duct of the outlet and 

is accelerated by the jet effects of the cooling air exhaust to accomplish 
forced ventilation. 


The generator rating is given below: 


Voltage 30V 

Ampere LOOA 

Speed 3000 to 8000 rpm 
Weight 65 lbs 

Model G29-TBT 

MFR J&ck & Heintz 


The brush is 1-1/8" long and replace it if it becomes less than 5/8", 
The spring tension is 2.5 to 4.5 lbs. 
9.2.4 Control Panel | 
In the electrical compartment is provided а control panel to regulate the 
voltage and to protect the generator. This panel is mounted on the airframe 


through shock mounts and has the following functions: 


(1) Automatic Voltage Regulation 
To maintain the voltage constant regardless of the load current, 


Lead battery eege 9 €* . 9 €9 9 €* 9 а 9 € * 9 9 c» и 28.0 4 0.2V 
Ni-Cd battery хоча оо оо ө t з Ф э ө gg 28.5 Е Q.2V 
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Purallel Operation 


То equalize the loud shares of lio. 1 and No. 
difference between the two being set at 20 Am 


He 


2 generators, tne 
(3) Automatic Engagement 


lo connect the generator voltage to the main bus wren it becomes 
0.32 to 0.70 V higher than the voltage of tne main bus. 


(4) Protection against Inverse Polarity 


Шо trip the generator when the generator terminal В becomes - ana tne 
vertlinal E becomes +, 


Protection against Overvoltage 


—— U U у 


To trip the generator when the generator voltage reaches 32 to 347. 


156) Protection against Faulty Grounding - 
eee 


То trip the generator when the feeder is grounded. 


gebeten 


т) Protection against Reverse Current 


zo trip the generator when the reverse current reaches 10 Amn. and the 
voltage at the terminals of the reverse current relay becomes 0.22 to 
0.2У. The adjustment of the generator voltage can be made by the 


varlable resistor of the voltage regulator located on the forward 
fuse panel. 


9.2.5 Battery 


Two 25V, 2hAH lead batteries are installed l ев. in the rear of the engine 
nacelles. In case of airplanes which ere capable of internel engine 
starting, 22AH Ni-Cd batteries are installed 2 ea. in the rear of the 
nacelles, 


Tne batteries are connected in parallel to the DC emergency bus and power 
is supplied from the batteries to the emergency bus if the battery switch 
is placed in "ВАТТ." The batteries are alweys charged to the full as long 
es the D.C generators are in operation. However, the batteries can not be 
charged by the ground power supply. The batteries are ventilated by ran 
air. That is to say, the ram air entered the air intake along the battery 
cover leaves the exhaust port after ventilation of the batteries. The 
batteries сап be removed or installed easily by means of the battery 
elevators. 
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2.2.2 Components Installed in the Tank - Integral (See Fig. 5-2) 


Following components are installed in each wing. 


(1) 
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Installed Component quantity 


Fuel Booster Pump 


Collector Tank 


Scavenze Pump Inlet Screen 


Direct Reading Type Fuel 
Quantity Sight Gage 


Tark Unit 


Compensator 


Over Wing Filler 1 


Pressure Relief Valve 1 


Vent Float Valve 1 


Float Switch 


Tank Drain Valve 


Construction and Operation of Filler and Vent of the Tank 


A. Over Wing Filler (See Fig. 5-4) 
This is a manually operated, Lock and Unlock marked, airtight сар 
made by Roylyn, U.S.A. 


The neck which forms principal part of the cap is riveted to the 


cylindrical filler pan. The pan is riveted to the upper wing 
surface. A cover plate provided with a latch is attached to the 


pan in even level with the wing surface. 
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Terminal Poy ten 


Gyro Comp't Junction Box 
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Starter Resistor 
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DC Generator 
Control Panel 


External Power Panel 
External Power Receptacle 
Power Control Sw 
Stair Way Sw 
Internal Power Ind 1,4 
Emerg. Hyd Pump Ind Lt 


مر 


2.0 Ni-Cd Battery 


VM: 


The battery consists of 19 cells including polar plates good for rapid 
discharging, nickel oxide anode and cadmium cathode, The electrolytic 
fluid is 3057 potassium hydroxide solution. Its capacity is 22AH (2 hour 
discharge rate). Although the measurement of the specific gravity of the 
electrolytic fluid of this battery is not necessary, the periodic measure- 
ment of the fluid level is required. The level should be 1.5 to 3 mm from 
the upper end of the polar plate. As for charging the batteries, they are 
charged up to 36AK with SA SA charging current. During the chargin б регіоа, 
the voltage is 25,6 to 27.75V but it rises to 30.4 to 32.3У at the final 
Stage of charging and then becomes constant. After the voltage reaches the 
constant value, the batteries are charged by SAH before the charging is 
stopped but they should not be charged in excess of 36AH. 


9.2.T Emergency Battery 


An emergency battery to be used in case of crash is installed in the belly 
cargo compartment. This battery of small capacity of О.ВАН is used to 
power the fire extinguishing system., 


This battery is always kept charged by generators, external power supply 
or batteries and it is fully charged if the voltage is in excess of 24,5V. 


9.2.8 External Power Source 


On the L.H. side of the forward fuselage is located the external power 
supply receptacle which takes DC 20V power from the ground power unit and 
supplies it to the main bus. 


The external power supply panel is provided with two receptacles, power 
control, momentary switch for the stairway control and two indicator lamps. 
2 receptacles are connected mutually in parallel, preventing the pins from 
being overheated. 


After inserting the plug of the ground.power unit into the aircraft and 
starting the engine, select the voltage and place the battery switch in 
"EXTERNAL." Then, the ground power unit supplies power to the main bus 
and the external power light comes on. However, if one or more D.C. 
generators start operation, the power supply from the ground power unit is 
cut off. That is to say, the D.C. generators and the ground power unit 
can not run in parallel. 


The power control switch located on the external power supply panel is 
used to control the power for ihe stairway. When the batteries are used, 
set it to "ВАТ." When the ground power unit is used, set it to "EXT." 
When the batteries are used, the "Internal Power Light" is on. 


9.2.9 Buses 


The D.C. buses include the main, emergency and crash buses. The crash bus 
to which power is supplied from the emergency battery is connected to the 
fire extinguishing system for the engines and wing heaters, and to the 
starting control relay. 
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The emergency bus to which power іс Supplied from the batteries is connected 
to the loads indispensable for continuance of flight; emergency inverter, 4 
emergency radios, essential lights etc. 


1} 333 1 : + e m 
The main bus to which power is Supplied from the generators or the external 
power supply is connected all loads Other than the emergency loads. 


Between the main bus and the emergency bus are located the emergency relay 
contacts which are always closed under the following conditions: 


(1) When the aircraft is on the ground, 

(2) When the ground power unit is in use. 

(3) When one or both generators are operating. 

(4) When the starter master switch is set to "START" or "BLOW OUT.” 

When the emergency bus relay is out of order, the "BATTERY NO CHARGE 
t 


WARNING LIGHT" is on, In such a case, the 50A emergency bus circui 
breaker should be set in. | 


9.3 Constant Freghency AC Power Supply System 


9.3.1 General 


The constant frequency AC power supply consists of 3 inverters installed с 
in the electrical compartment. Two 2500УА inverters and а 500УА inverter 

are all set to 115V, 400 c/s. Their output voltages can be read on the АС 
voltmeters installed on the overhead instrument panel. Also on the main 
instrument panel are installed two power fail warning lights and а mein bus 
fail light on the overhead instrument panel. These lights tell the pilots 
whether power is being supplied to the emergency bus or the main bus, 
respectively. 


9.3.2 Operation of Constant Frequency AC Power Supply 


9 


The constant frequency AC power supply system consists of three buses. 

To the emergency bus are connected the essential radios and instruments. 

To the main bus are connected the non-essential radios and instruments. 

To the weather radar bus are connected the weather radar & auto pilot. 

On the overhead instrument panel are located three inverter switches; NO 1, 
NO 2 & emergency, main bus failure warning light(red), weather radar bus 
failure light (amber), voltmeter selector & voltmeter. If NO 1 inverter 
switch turned on, the main bus failure warning lignt goes out and power is 
supplied to the main bus, emergency bus, 115-41 bus, & IIS-2 bus. 

The same thing happens when NO 2 inverter switch independently is on. When 
both NO 1, NO 2 inverter switches are on, output of NO 1 inverter is 
supplied to the main bus & the emergency bus, output of NO 2 inverter is 
supplied to the weather radar bus, 115-1 & IIS-2 bus. When the emergency 
inverter switch only is on, the power is supplied to the emergency bus & 
the IIS-1 bus. | 

When the three inverters are operated, NO 1 inverter is supplied to the са 
bus & emergency bus, NO 2 inverter is supplied to the weather radar bus, 
IIS-1 & IIS-2 bus, while the emergency inverter idle. 
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9.3.5 Main ана Мьерисису luverbers 
She output ог these inverters ти nabonubicnldly сес areq tu 1.07 + у» 
90 с/з, being гарро to londo иго noise Тізбеге. The мірі 22 2 
Single phase wiring. 


К, م‎ 
200VA, respectively, Lach inverter can ре adjusted by а screw 
voltage regulator located outside tne inverter. 


whe output or the main inverters and the emergency inverter is 2255: 
C 


9.4 


Wild Frequency AC Power Supply System (МР Power Sunol: 


9.4.1 General 


Ine wild frequency power is sent to No. 1 and No. 2 buses zy engine iriver 

alternators. This power is supplied to heaters which are not arfecvei зу 

rrequency variation; deicing of engines end propéliers, Toot ма 
| galley power. When one alternator is faulty, tne other alterna 


upply power to the above loads. 
9.4.2 Operation of WF Power 


When the engines are running апа the D.C. generators are operating, 
plying power to the D.C. main bus, the alternators аге reaay to gene 
power, If the alternator switches are turned on, the alternators gen 
and supply power to the main bus. Then, the failure light goes out. L 
there is a cause for low voltage or earth leak in the circuit, tne caren 
leak light comes on. When power supply to the failed zenerating SYST 
turn on the transfer switch. The relation between the engine speed апа 


the frequency of the alternator power is shown below: 


15 Lever Line Engine Alternator E 
Frequency 


Position Voltage Speed Speed 


150V + 4% | 6500 rpm to 195 с/з to 
10725 rpm 325 с/з 

204V + 4% | 9900 rpm to 300 c/s to 
12012 rpm 455 c/s 


9.4.3 Alternator 


Tre alternators are installed 1 ea. on the engine gear boxes 


is alternator is of six-pole rovary field type. Іп the initial stage of 
power generation, it must be excited externally but it becomes self-exci- 
ting later. This switching 1s carried out by the control unit. 


This control unit also set tne voltage to 150V on the E апа СОМУ in 
flight. This switching is carried out by the low stop lever AS the o 
put of the alternator increases, its cooling becomes necessary 

tne alternator, cooling air 1s taken from the interior of ehe ^B 


blown out from the nacelle. 


6. 
ft 
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9.4.4 


9.4.5 
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The speoclZicaiion of the alternabow іп shes Белки: 
aX Lun output CTEVA (6202060 гү, 
Line voitane ONY 
line current T 4. 
Power Tractor 0.65 
Direction or rotation Clockwise viewed Prom tne driving eng 
Phase rotation A-B-C viewed from the Griving end 
Weight 55 lb (25 Kg) 


control of Alternator 


А control units is provided in each of the L.H, and R.E, nacelles (landin 
gear compartments}. This control unit has the rollowing functicns: 


(1) Automatic Voltage Regulation 


A constant voltage is always maintained, irrespective of ire amount 
ОУ the load current. That is to say, the voltage sensing circuit 
senses the irregular voltage, the error magnetic empiitier and tn 
power пабџетіс amplifier amplify it and tne current limiter controls 
the field current. 


(2) Protection against Overvoltage 
+ و‎ o 

If the voltage becomes 225 TAN or 170 Zou in сазе of the sltern&zor 
voltage of 204V or 150V, respectively, the alternator trips, dropping 
the generateü voltage to zero. 

(3) Feeder Protection 
If there is unbalance of 10А between the feeders of the alternators or 
unbalance of 5А between the feeders and the earth, the alternator 
trips, dropping the generated voltage to zero. 


(4) Earth Leak Indication 


If the earth leak of the feeder reaches approximately 10 mA, the 
leak light comes on. 


(5) Low Voltage Indication 


If the alternator terminal voltage reaches 174 + 5У ог 130 + 5V in 
case of 204V or 150V operation, respectively, the earth leak Light 
comes on. 


WF Distrioution 


Ко. l alternator normally supplies power to No, 1 engine and propeller 

деісегз, foot warmer and windshield, No. 2 ulternator supplies power to 
No. 2 engine and propeller deicers, galley and windshield., IF either о 
of them fails, power can be cross-fed by setting the vranzrer switeh to 
"TRANSFER." However, No. 1 alternator can not supply power to the galley. 
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AC Control Panel 


Figure 9-19 


Dec 15/67 
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a. О у Phase ZrLLSIOYNUOD 
Power supply to пе fallacy is curricd ont by u 3 phage uransrornus -осаһе2 
in tne electrical compartment. fts capacity is ЗЕУД watn tne prinary 
WË? PL ® = т > 7 - “| - . A у | 
o1 CURVY unà the secondary voltage of 28. The transformer can be 
uscd With the ground power unit by means of a scloctor relay. 


9,5 Тоба: Алой of Sleetricab Тірділунеті 


9.5.1 Main Junction Box 


Most ОГ the ешесігісзі equipment аге installed on а panel provided in tie 
rein junction box ала they are grouped systematically to facilitate nain- 
ейалс 


е. Іп addition, the fuse panel, forward circuit breaker panel end 
sle side circuit breaker panel are provided. A panel which contains tre 
are uses and lamps is also provided, 
9.2.2 Circuit Protecting Devices 
(1) Current Limiter 
To protect the electrical circuits of each system against heevy 
current, current limiters are used. They are provided in tne battery 
circuit, eather circuit, inverter circuit and hydraulic pump circuit. 
(2) Circuit Breaker 
To protect the electrical circuits against medium current, push pull 


circuit breakers are used. Some circuit breakers of toggle type are 
also used for this purpose. 


(3) Fuse 


To protect the electrical circuits against low current, fuses are 
used. When а fuse is burnt out, a neon lamp in the holder comes on. 
Waite neon lamps are used for DC 28V and AC 26V systems. Amber 
ones are used for AC 400 c/s, 115V systems. 


9.5.3 Symbols used in Wiring Diagrams 
The wiring diagrams have been prepared for each system of the aircraft. 
) to illustrate the functions, 


(1. 
(2) to facilitate maintenance, and 
(3) to fecilitate checking. 


9.5.4 Load Analysis 


The status of AC and DC power under various aircraft conditions has been 
analyzed in accordance with MIL-E-7610A and MIL-E-TOIT. 
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Wiring 


F1", H М " 1" d- 4 ". - 1 
"ho rollowin; wires are used Гог tle aircrart wiring: 


(1) MIL-W-5086A Copper wire 

(2) MIL-W-TOT?2 Aluminum wire 

(3) MIL-W-7073 Shielded wire 

(L) XIL-W-7139 Heat resistant wire 
(5) MIL-c-25038 Heat resistant wire 


Conduits are used for the wiring of tne landing gear and tne sanding gear 
bay to prevent wires Ггом exposing. 


Bonding is carried out in the aircraft to maintain electrical Stability 
of the aircraft, to avoid lightning, static discharge and radio noise and 
to establish the return line of current. 


Quick disconnect terminals are used in the wiring of each panel in the 
cockpit to racilitate removal and installation. 


9.5.6 Terminal Board 


Terminal boards are provided at important points to facilitate air: rage 
wiring check. A name plate with TB number stamped is fitted adjacent to 
-пе terminal board for the identification of the terminal board. А TB 
number consists of three digits. The first digit represents each compart- 
ment, while the second and third digits are serial numbers assigned fron 
forward to rear and from top to bottom. Serial numbers are provided on the 
outer wing except the nacelle, starting from the wing station 0. 


Location 


FWD Fuselage 
M/J/B, Electric Compartment 
Radio Rack 

Cabin 

Belly Cargo, Gyro, Leading Edge 
Hyd, Aircon Compartment 
Empennege 

L/H Outer Wing 
R/H Outer Wing 


ра o SW SW р 


лақ жада м ра bé 


VI CD —] DM E L2 PO F 


ma oa > р 


23 
t serial Number 


FWD Fuselage 


9.5.7 Identification Marking on Wires 


The following marking is stamped on all the wires in the aircraft a 
the entire length at a certain interval. This marking consists of 
betical letters and numbers. When a wire is used by 2 or more circui 
tne marking applicable to the principal circuit is stamped on the 


HV - 2 р 15 A 4 N ALUM 


/ 
м Aluminum Wire 
( 


7) Ground, phase, thermocouple 


(6) Wire siz 


(5) Segment letter 
A,B,C .... starting from a point of the 
circuit closest to the power source. 


(4) Wire number 


(3) Function letter 


Numbered 1, 2, 3 ... if 2 or more of 


(2) Unit number 
the same equipment are provided, 


(1) High voltage If voltage in excess of 50V is used. 
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9.6 Lighting 
———-——— 


Lighting in the Ү5-11 consists of inte 
and cabin lighting, exter 
etc. and emergency 11 


[ rior lighting including cockpit 
"lor lighting including landing light, taxi light 
&hting which illuminates the emergency exits. 


9.6.1 Interior Lighting 


(1) Cockpit Lighting 


ihe cockpit lighting consists of lights for the main instrument panel, 
engine instrument panel, L.H. and R.H. side panels, overhead panel, 
auxiliary panel and pedestal and reading lights. Brightness of these 


lights can be adjusted independently by the adjusting resistors 
located on the over-head panel. 


(2) Cabin Lighting 


Tne cabin lighting includes lights for the entrance, cabin, galley, 
toilet and placards which are turned on or off by the switches instal- 
led on the forward and aft stewardess panel. 


(3) Cargo Compartment and Maintenance Compartment Lighting. 


(4) Landing Gear Compartment Inspection Lights and Down Lock Inspection 
Lights. 


(5) Emergency Lighting 


Inertia flash lights and portable water-proof lights are provided for 
emergency lighting. If forward acceleration is applied to the aircraft 
at the time of emergency landing or ditching, the inertia flash lights 
come on. They are located above the L.H. and К.Н. emergency exits, 

aft cargo door and aft service door. A portable water-proof light 

is also provided on the bulkhead behind the pilot. 


9.6.2 Exterior Lighting 


The exterior lighting consists of two landing lights, one taxi light, 
three navigation lights, two anti-collision lights and two ice inspection 
lights. 


(1) Landing Light 


On the lower surface of the L.H. and R.H. wing are provided the land- 
ing lights which can be retracted electrically. A 600 W lamp is 
contained inside and the light can be extended or extracted by a motor, 
The light is set at 88° + 1°. қ | 

If the light is lowered even a little, the indicator light comes on. 

Do not turn on the landing light on the ground for more than 30 sec. 
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Bruch Sealing 


arush sealing 12 accomnl 
rivet noàds and the faying саг 


Compound to be used: PPp-1s22 “¿als А-4 
Тор Coating 


ч = E = т = e 
ат.“ Sex . Е, ы. “ав 


Тор coating is employed to Гілібі. 


t 
" a . ` z E A оты ل‎ ue ист! 
protective coating after having applied sealing 289222 we) Eh 


(l) described above. 


Compound to be used: PR-1005L Types І алё is 


Anti-bacteria Coating (Fig. 5-34) 


Anti-bacteria coating is provided on the top coating (PR-19054, 
part of the integral tank. For its extent, see Pig. 2-59. 


Coating material to be used: DV-1160 
` 


m 


The bottom of Lhe filler рап aS вгәміпей with a papo Pate one Far С 
letting overflow Pule duruf refueli uro) оға зам NL usw EI wit 
surface, 
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The cap сап be locked or unlocked оу rotating it approximately в... 


The marking in the round opening in tne surface of tne cap consis 
of the following: 


Yellow in UNLOCK position 
Red in between 
Green in LOCKED position 


B. Pressure Relief Valve (See Fig. 5-5) 


This valve is provided with a simple mushroom shaped 


Spring. 
When the internal pressure is applied to the top of ine valve, 
the valve is brought down against the spring force, producing a 


gap between the valve and the valve seat, through which fuel can 
flow through the large cylindrical mounting pipe and is directly 


= 


discharged to the ground below the lower wing surface, 


The cracking pressure or the valve is 1.5 psi. It requires a 
pressure gradient of 2.3 psi at a flow rate of 200 U.S. gal/min. 4 


С. Vent Float Valve (See Fig. 5-6) 


This valve is provided to accomplish the ventilation of the tank, 
prevention of fuel overflow, relief of tank internal pressure and 
alleviation of negative pressure in the tank. 


Opening or closing of the flapper accomplish the above-mentioned 
function. 


Ventilation: When the fuel level in the tank does not reach the 
float, the flapper is open to vent the tank. 


Prevention of Fuel Overflow: When fuel in the tank rises above 
the level where the float kept afloat, the flapper is 
closed accordingly. 


Alleviation of Negative Pressure: If fuel is consumed under the 
condition of closed flapper valve, the negative 
pressure inside the tank will be developed. At 
this point, the spring on the flapper is collapsed 
because the flapper is forced up by the external air 
pressure which passes through the suction port. 
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Relief of Internal Pressure of the Tank: As the internal pressure 


25 
of the tank grows higher, the fuel or gas ciimos up 
from below and opens the popret of the pressure 
relief port which is normally kept in tne closed 
position by the spring to relieve the internai 
pressure (opening pressure is 0.5 psi). 

D. Drain Valve (See Fig. 5-7) 


It is a manually-operated, 1 inch size, two way valve. The valve 
has a flow path which is opened or closed by the 90° switchover of 
the handle. 


5.3 Fuel Refueling System 
5.3.1 Gravity Refueling 


Filler cap is provided on the upper surface of the wing at each tanx loca- 
tion as supplementary refueling means. 


Gravity Refueling Amount is as follows: 


№. 1 Tank 2,5201 (about 666 U.S. gal.) 
Хо. à Tank 2,5204 (about 666 U.S. gal.) 


NOTE: Regarding construction and operation of Filler Cap, see 
"Chapter 5.2 Fuel Tank." 


5.3.2 Pressure Refueling (See Fig. 5-8) 


The purpose of the pressure refueling is to shorten the refueling tine. 


| Refueling ports are located near W STA О of L.H. side. The refueling 
piping is routed on the back side of the wing rear spar, entering the 
tank at W STA 5500. At the tank inlet, & screen assembly is installed to 
disperse the incoming fuel. 


Pressure Refueling Amount is as follows: 


No. 1 Tank 2,4052 (about 659 U.S. Gal.) 50 psi 200 U.S. Gal./min. 
No. 2 Tank 2,195) (about 659 U.S. Gal.) 50 psi 200 U.S. Gal./min. 


15.3.3 Construction of Pressure Refueling System (Fig. 5-8A, 5-8B) 


Refueling system components and locations are as follows. 


(1) Control panel W STA O 

(2) Shut-off valve In refueling line 

(3) Float switch Inside tank 
4 (4) Circuit Breaker Outboard side of nacelle (Only Lert Nacelle) 
Dec 15/67 5 
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(4) Anti-collision Light 


Ine anti-collision lights are installed on ihe upper pert or tre 
lage (at STA-1535 to 1080) and on the lower part of the fuselage 
(et STA 4200 to 4680), 


Two 80W lamps are mounted on a disc rotated by a motor. This Gisc 
rotates at a speed of 45 turns per minute. 


(5) Ice Inspection Light 


50W lamps are mounted on the L.H. and 3.H. engine nacelles, illumina- 
ting the wing leading edge ail tne time. 


9.7 Starting end Ignition System 


9.7.1 General 


The Dart 10/1 engine is started by a starter motor operating on DC power 
located in Zone 1. 


The engine starting 15 controlled by switches mounted on the overhead 
instrument panel and the starter is energized by means of relays installed 
in the main junction box, gyro compartment etc. At the same time, the 
high tension ignition unit generates sparks on the ignition plugs. In 
starting engines, either external or internal power source can be used. 

In case of external power starting, а ground power unit with а nigh capa- 
city (approximately 2000A at the peak) is needed. In case of internal 
sterting, Ni-Cd batteries must be installed in the aircraft. Power from 
the lead batteries is not sufficient for engine starting. 


9.T.2 Starting System 


The starter motor is а lT.5HP, 5 ро1еЯ compound motor, avoiding over- 
speeding by means of the starter timer, overspeed relay and &rvi-erusn 
relay. When the engine is started by external power source, а starter 
resistor cuts in the starter circuit, restricting tne electric curren. 

6 sec. later, this resistor is short-circuited апа tne current із Ted 
directly to the starter motor. 30 sec. later, power to the starter motor 
is automatically cut off. Іп case of Tailure of this timer, the overspeed 
relay is energized to cut off the current of tne starter circuit, 
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If the starter button 15 kept pushed in, the starter motor does not turn 
the engine again due to the functions of the anti-crush relay. in case of 
internal power starting, the starter resistor does not cut in the power 
source circuit. That is to say, power is directly fed to the starter motor. 


9.7.3 Ignition System 


On the shear panel in Zone 3 of the engine are mounted two high tension 
units which supply high voltage current of DC 2000V to spark plugs located 
in No. 3 and No. T combustion chambers. In the bien tension unit are 
contained a reservoir capacitor, discharge gap, ionizing spark gap and 
protection resistor for voltage of good quality. 
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Figure 9—54 
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(5) Adapter Control panel 


(6) Drain valve Adapter 


On the refueling control panel are arranged four switches for operating 
the shut-off valve, four amber lights for indicating the valve position 
(close or open), and one interphone jack. In addition, the panel is pro~ 
vided with the fuel quantity indicator, its changeover switch апа the tanx 
selector switch. 


Adapter in fuel refueling port is check Valve type adapter and prevents 
fuel from flowing in reverse direction. Connect the refueling nozzle to 
the adapter and turn the control switch "ОМ," then the refueling shut-off 
valve on the refueling line opens, and simultaneously the indicating light 
comes on. 


When the fuel flows into the tank to raise the fuel level to the prescribed 
one, the float switch closes the contact point to close the shut-off valve 


automatically. 


Thus, refueling is accomplished and the refueling indicating lignt on the 
control panel goes out. When the amount of fuel in tanks is below the 
prescribed level, the control switch shall be turned to close the reruelins 
shut-off valve. The interphone jack is used to contact the crew in the 
cockpit while refueling. The fuel quantity indication is shown either on 
the cockpit side or the panel side indicator by means of the changeover 
switch. The fuel quantity for each tank can be indicated by the tank 
select switch. 


NOTE: As to the interphone circuit, see Chapter 10 ELECTRONIC SYSTEM. 


The pressure relief valve is provided on the lower surface of the wing 

for the protection of the tank from excessive internal pressure be relieving 
it through the valve. In case when refueling can not be stopped due to 
defective float switch, the pressure relief valve opens. Opening pressure 


is 1.12 to 1.5 psi. 


As the refueling control system power is supplied from the battery bus, 
the use of a control switch in the cockpit is not necessary. 


A. Adapter (See Fig. 5-9) 


It is an aircraft coupling which is placed automatically in open 
position when the refueling nozzle is connected. As a cap is 
mounted on it, the adapter becomes a double leakage-prevention 
device. Adapter is proof-tested against internal pressure -3 to 
120 psi and external pressure 0 to 120 psi respectively for pre- 


venting leakage. 
В. Drain Valve (See Fig. 5-9) 


This valve is mounted directly on one side of the adapter. 
By opening this valve, not only the fuel within the adapter but 


also the fuel in the pipe leading up to the refueling shut oft 
valve can be drained. 
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Shut-off Valve 


IW 


One shut-off valve is installed in refl 


= 


left- ‘ind rieht-hand BEI міо. Ее; “И, ` ЮС" г. daoa 
Operated, and is to open or созе the math of the геси 1.00. 
Float Switch (Spe Fig. 5-10) 

one float switch is installed in cuen tank. Ween оле талу Level 


tically, 


in the L.H. refueling pipe is provided an orifice which rega ates 
the L.H. and В.Н. fuel flows. 


5.4 Fuel Feed System 
Fuel is fed to either engine from the main tank. Fuel in the auxiliary 
tank is transferred to main tanks to be fed to the engines. 
The fuel feed line consists of normal line and cross feed line. 

= “. 1 ^" о. - + = Gi ` = 

Normal line is routed from the left-hand side tank to the Le?t-narà engin 
and from the right-hand side tank to the right-hand engine. 
Cross feed line can feed the fuel from left-hand side tank to right-neré 
side engine and left-hand side engine as well, and from right-hand side 
tank to left-hand side engine and right-hand side engine as well. That 
is to say, cross feed lines extend from the fuel tank in either side to 
both engines. 

5.4.1 Normal Feed Line (See Figs. 5-1 and 5-11) 


The right-hand and left-hand side normal feed lines are symmetrical, 


т-- 
kel 
wl da de 


the collector tank are installed two submerged type booster pumps, one 


for 
are 


normal fuel feeding and the other for emergency use. 


These two pumps 


of tne same type and same capacity. 
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Кісі delivered under pressure from the DOBU? райр io 
through the route as shown in Гір. 5-1. 

This normal feed line is provided with Lue full de-iciag System For СУ. 
prevention of icing of the low pressure filter. The 
has а built-in by-pass line and this norma. feed sine nas го W-25& 
This feed line has following two pressure switcnes for sensing any &Onor-. 
mality taxing place in the line. 


(1) Fuel Low Pressure Switch 
(2) Differential Pressure Switch 


(1) Fuel low pressure switch senses pressure at outlet of low pressu 
filter. Fuel low pressure switch is so designed as to close vre con 
point when the fuel line pressure drops below 9 = 0,25 psi, iig Е 
warning light (гей) located on the shoulder of the Zuel flow indicator 
on the engine instrument panel in the cockpit. Warning light goes cur 
just before the line pressure reaches 10 vsi. 


(2) Differential pressure switch senses pressure difference between the 
upstream ands downstream of low pressure filter. When difference in 

| pressures exceeds 3 £ 0,2 psi, fuel de-icing warning ligat (red) comes on. 
The details will be described іп the section of Fuel De-icing Systen. 


5.4.2 Cross Feed Line (See Fig. 5-1 and 5-12) 


The fuel feed line is branched off into two lines at the outlet of the norn- 
return valve of normal line, one is the normal line described above anc vi 
other is the cross feed line, 


An electrically operated shut-off valve is provided for each of the rigrt 


апа left boards in cross feed line. Turn the cross feed switon in cockpit 
n 


"ON," then the cross feed valve is opened to cross feed the fuel. Duri 
eross feed (electrically operated shut-off valve - OPEN), the valve vosi- 
tion indicator indicates "OPEN," 
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5,4,3 Seavenge System (See Fig. 5-13) 


Hach wing is provided with two seave 


| | nge pumps and the strainers petweer 
the front and rear spars 


. These two pumps are operated simultaneously. 

The duty of this scavenge system is to minimize tne unugavle suantity of 
fuel in the tank. When the fuel level in the tank has dropped, one | 
scavenge pump, which is а kind of vane type pump, installed on tne flap 


well outside the tank, transfers fuel in tne tank to tne collector tanx. 


` 
The pressure switch is provided for sensing scavenge pump delivery pressure 


to indicate the operating condition of the scavenge system. When tne puny 
is in operation (line pressure is over 2.5 psi), the scavenge pump indicating 
light (green) on the instrument panel in the cockpit comes on. The in 

cating light goes out if the pressure in line drops below 2.0 £ 0.25 p 


5.4.4 Fuel System - Operation 


The fuel system control panel is located on the overhead panel in tne 
cockpit. The electrically-operated shut-off valve, pumps, etc. in the 
system are operated by switches on this panel. 


5.5 Construction and Functions of Fuel Feed System Components 


Under all expected flight conditions, the system always is capable of sup- 
plying sufficient fuel flow with necessary fuel pressure to the engines. 
Some examples are explained as follows, 


Take-off Period: Two booster pumps, one for normal operation and the other 
for emergency, are installed in collector tank of each 
side of the wing and supplies sufficient quantity of fuel. 


Negative Gravity Period: The system continues to feed fuel for 5 seconds 
(as expected from the construction of the collector 
tank). 


Maximum Climb or Descent Attitude: A scavenge pump is provided to cope with 


centering of fuel to extremity when the aircraft 
takes this attitude. 
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shut-off valve, cross feed valve, non-return Мам 
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reed Line Piping 
The reed line piping installed on tne rearward side of the main wing rear 
sper 15 made of aluminum alloy and that installed between the main landing 
Gear well ana the engine is made o? stainless steel. 
Pipe sizes are as follows: 
Engine Feed and Cross Feed Line l inch dia. 
scavenge Line 1 inch dia. 
Pressurę Refueling Line 1-1/2 or i inch ааа, 
Vent Line (Integral and Bag Tank) 1 or 1/2 inch ĉia. 
Vent Line (Collector Tank) 1/4 inch dia. 
Anti-icing Heater 3/8 inch dia, 
Sensing Line 1/4 inch dia. 
Transfer Line l incn dia. C 


As pipe coupling, AN coupling and rlexibie coupling are used. The former 
is employed for connecting pipes on the tank wall. The latter comprises 
wiggings flexible coupling and marman flexible coupling. Employed in the 
largest number is wiggings flexible coupling, wnich is designed to be bent 
in &ccordance with the deflection of the wing. 


At the engine fire wall, the quick disconnect coupling is used to facilitate 
engine change. 


The pipe coupling in use on the tank wall is a fitting with male thread 
(AN coupling) on both sides of the round corner. The collar is riveted to 


the tank wall after face sealing treatment. 


Pipe couplings installed inside tne fuselage are confined in shrouds which 
lead fuel leaks at the coupling outside aircraft tnrough their drain pipes. 
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5,6,  "on-5eturn Vulve (See Fig. 5-25) 
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5.5.5 Shut-off Valve (See Fig. 5-26) 


#iectrically Operated and manually operated shut-off valves are used in tne 


Following valves are electrically operated: 

Emergency shut-off valve in normal feed line. 

Cross feed valve in cross feed line. 

Refueling shut-off valve in pressure reTueling line. 
Following valve is manually operated: 

Hand shut-off valve in scavenge line 


D 


Trermal relief valves are built in the emergency shut-off valve апа tne 
cross feed valve. Outside tne valve is fixed a mecnanica. indicator for 
the visual confirmation of the valve position (open or close). The сойду 
thermal relief valve relieves pressure at 120 psi апа tne Line relier va ve 
at 20 to k5 psi, respectively. Operating time of tne valve from the fu, 
close to full open position is 0.5 to l ѕесоцс at minimum. 


5,5,6 Scavenge Pump (See Figs. 5-17 and 5-27) 


This pump is a vane type pump. Its delivery pressure is adjusted to 3 to 5 
psi. “he pump motor, а D.C. series motor, is provided witn a radio noise 


filter. 


The pump is installed in the flap well of the trailing eage of ine wing 
outside the nacelle. The four pumps have the same functions. 


Specifications of the pump is as follows: 


Flow rate 2200 lbs/hr 
Delivery pressure 3 to 5 psi 
Suction pressure 1.5 m Hg 


A scavenge pressure switch which senses scavenge pump fuel pressure is 
installed in the flap well. The function of the scavenge pressure switch is 
sucn that the scavenge indicating lignt (green) comes on wnen the pressure 
exceecs 2 psi and the light goes out when the pressure drops below 

0.25 psi. Therefore, if the pressure of one pump goes down below 2 psi, 
both lights go out. 
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Chapter 11 INTERIOR EQUIPMENT AND FURNISHINGS 

11.1 General 
Details of the arrangement above the floor in the fuselage which is general- 
ly called the cabin are varied depending on requirements of individual users, 
and therefore fundamental sections only will be covered and described in tnis 
chapter. 

11.1.1 Interior Arrangements above the Floor 
The floor space in the fuselage is roughly divided, from the nose to the 
tall, into the cockpit, the forward cargo compartment, the passengers ' 


compartment, the galley, the lavatory, and the aft cargo compartment. 


11.1.2 Strength of Floor 


Strength o AM Load limit | piooring material 
ege „са MES Kg(1bs) 


Passenger compart- 366 ( 75) (60 persons)| Aluminum honeycomb 
ment ` 
Forward cargo com- 188 ( 100) 545 (1,200) | Aluminum honeycomb 
partment | 
; р | 
| AZt cargo compart- 488 ( 100) 908 (2,000)| Aluminum plate | 
ment 


Belly cargo compart- 317 ( 65) 500 (1,100) | Aluminum plate 
ment 


NOTE: Load limit of the forward cargo compartment is variable depending. 
on the number of seats to be installed. It is 680 kg when 52 seats 
are installed at 38-inch pitch and 1,134 kg when 52 seats аге instal- 
led at 34-inch pitch. However, in this case, another 454 kg cargo 
compartment can be provided on the L.H. side, and the total capacity 


$ 
Рес 15/67 T 


ll. Preyer Shred uru’ 


спе Flooring is supported by four lorncitvusinel Poser” 
глоог beams which are provided aloan cuch 
installation of seats is 


жа ge n r уа 
„Ас щен, 


?іхса to thoce LED. 


11.2.1 Flooring Materials 


ror the flooring, two types of materials are employed; aluminum полем 


усо 
panels апа aluminum panels reinforced witn angles and they are fixed to 
floor support beams with screws or rivets. 


(1) Aluminum Honeycomb 
Aluminum honeycomb material is usec as flooring o7 tre 


compartment in front o? Fus. STA +5160, tne forwerd car 
ment, the passengers' entrance, and the cocxpit aisle. 
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face with 0.0018 inch clad 7075-76 sheet. 


(2) Reinforced Aluminum Plate 


a 


Reinforced aluminum plate is used in covering. the floor of the 


r 
end the pessengers' compartment in the rear of Fus. STA +5160. 

“5 thickness is 0.032 inch and material is clad 2024-73, The 
ing or the cockpit and a part or the art cargo compartment are fixe 
with screws end the rest with rivets. 
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11.2.9 Interior Lining 


Sound proofing material made up of fiberglass sheeting wrapped in vinyl 

film is provided to cover the side walls and the ceiling. This sounc proof- 
ng material is fixed to tne fuselage stringers and the flanges with snars. 
This material is covered with the ceiling panels and side panels below the 
windows to provide interior decorations. 
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Detail B Typical Passenger Compartment Floor Panel 


Detail A 
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(10) 


а 
Ash Trays 


One ash tray is provided beside cuch cup Lolccr. 


Microphones 


The microphones which arc provided uncer tne rlgL? ang tne left 22 
consoles are used for communicéetion wita tne control tover © 
Stewardesses, 


uy 


Hand Set 

One hand set is installed on the wall vı ле 2.5. Side benina vne 
pilot's seat and this is used by the pilot to give instructions-and 
guidance to the passengers. The hend set hanger is provided Wits 

в Microswitch and, thus, when tne hand бес is taken cut ої 155 manger, 
the interior adéressing circuit for tne stewardess 25 пабе enec.ing 
the pilot to speak directly to the passengers. 


а 


& 


Map Case 


Escape Ropes 


Escape ropes are contained 1 ea. in the walls above the rigat ana aeft 
sliding windshields, respectively. 


Life Vests 


Lite vests for the pilot and the copilot аге cozt&ired 1 es. іп 
the lower part оғ the side panels, end one for the observer шау be 
kept behind the seat of the copilot. 


Pilot anc Copilot Seats 


The seats are mounted on railing and therefore it can be moved back 
апа forth. Notches are provided in the railing and thus the sest 
ean be locked at desired positions. The height of the seats can be 
also adjusted and can be locked at required levels. 


Observer's seat 


An observer's seat is installed on the floor of the cockpit aisie. 

It is of collapsible type and when folded, it can be Lowered to 

the level of the floor. The procedures Tor folding this observer's 
seat are described on the M.J.B. wall. The reverse side of the bacx- 
rest of the observer's seat is coated with slip preventive pain SR 


8355 (MIL-W-SOhhA Туре II). 


Hat racks are installed beneath the ceiling along Doth sides 7 the pas- 
sergers' compartment. Near the fixing joints of єасп nat гаск аге vrovicea 
hot air outlets, and on the bottom face of ine nat rack are installed pés- 
senger service panels. 13 room lights anc lu pessenger adaressing aneexers 
(in two rows, T speakers euch) are provided on tne celiing. The windows 
аге vrovided with curtains and the louvers are insteiled Tor interior ven- 
tilation in the side panels below the windows. The floor is covered with 
carpet which is fixed in place with Velcro tape. 

—s ,— y 
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11.4.2 Passenger Service Panels 


30 passenger service panels are provided and distributed in conformity with 
the arrangement of the seats. The following devices are installed in еасг 
passenger service panel: 

Reading lignts end their switches 2 each 

Cool air outlets . 2 each 

stewardess call buttons 2 each 

TEAM. ` 

(1) Reading Lights 

Angle of ihe reading lights can be adjusted to suit the posture о? the 

passengers. Their switches are of pusn button type and ihe lights 

can be put on and off by depressing the push buttons. Furthermore, 

the lights are provided with diaphragms for the adjustment of light 

intensity. | же” 

Va 


(2) Cool Air Outlets 


ir of approximately 4°C comes out of the cool air outlets. Flow 
e of the cool air can be controlled from zero to the maximum, and 


angle of the air flow can be adjusted according to the posture 
he passenger. 
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(3) Stewardess Call Buttons 


The stewarcess call button is used when a passenger wants to call the 
stewardess. When the button is depressed, the chime in the aft 
stewardess panel sounds anc concurrently the passenger call lamp 

lights up. At the same time, the red lamp contained in the call button 
comes on, indicating the location of the calling passenger. The light 
goes off if this call button is pulled down. 


- 


11.4.3 Interior Lighting 

For interior lighting, circular white fluorescent lamps are employed and 

= the night are small incandescent lamp is also contained in each 
luorescent lamp for use at night. All the interior lighting is put on 

and off from the stewardess panel and its light intensity can be adjusted 
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Б5.5,2 Collector Tank (See Figs. 5-70 und bedi) 


The collector tank is of u square box-bypo ісе. слог Шале © 
alloy located at the lowest locubion or фи елгы tan“. 


Its dimensions are ubout 350 mn in with, “G0 sm in deptn and 3 
heignt. The tank consists of the upper ала Lower асвепо,1е5, WALCA 


joined together by bolts through gaskets. 


In the upper assembly are installed the fuel relief tube naving 
valve and the collector tank vent line. The flapper valve is ds 
open when collector tank internal pressure accumulates above 3.2 
main tank pressure. Тһе duty of this valve is to protect the co 
tans fron damage due to fuel delivered from the scavenge pump. 
vent line is opened into the integral tank. In the lower assemoly, tne 
ing units and components are installed: 


Booster pump 2 ға. 
Booster pump outlet port 2 ег. 
Fuel inlet port from scavenge pump 1 ea. 
Flapper valve 2 еа. 
Flapper valve closing knob 2 ea, 
Aluminum conduit for wiring 1 ea, 


5,5.3 Booster Pump (See Figs. 5-22, 5-23 and 5-24) 


Іле booster pump is a high-speed centrifugal pump driven by ап anti-expio- 
Sion type motor which operates оп 27 volt D.C. power. 


The pump and motor form an integral unit and are o? submerged туре. 


Upper nalf of the pump incorporates ап anti-explosion type motor, at lower 
half of the pump is installed an impeller connected to motor shaft, and at 
the bottom of the pump are installed radio noise filter, vent hole, puup 
drain hole and drain fitting for leakage in the sealed portion of the motor 


shaft. 


To prevent fuel from leaking into the motor room, a combination of rotating 
seal and fixed seal, mechanical seal апа labyrinth seal is used. 


A by-pass valve, which leads fuel directly to the pump outlet through the 
flapper valve by-passing the impeller, is installed in the pump. 


During the time the impeller is in operation, bubbles come up from around 
the impeller. Thus vapor lock can be trevyented. Two booster pumps are 
installed, one for normal use and the otner for emergency, both of which 


are of entirely the same type and same capacity. 
The power sources of pump motors arc az follows: 


D.C. main bus 


For normal use 
D.C. emergency bus 


For emergency 


o 
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5.5.7 Drain Valve 


The drain valves in the tank and fuel lines consist of tne To. 


Pipe dia. Part Number Nane of tne vaive 


1/4 inch KIF20000-1 Cross Feed Line Drain 
Pressure Refuel Drain 


Sensing Line.Dr&in 


1/4 inch KIF 20000-6 Fuel De-icing Test Snui-o27 


Integral Tank Water Drain 
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EIP30000-1 Inlet Shut-off 


ocavenge 


EIP30000-h Fuel System Power Dr&in 


EIP30000-5 


Integral Tank Drain 
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5.6 Fuel De-icing System 


5.6.1 Functions 


The fuel heater is installed on the fuel feed line to prevent tne Mae. irm 
icing and choking the low pressure filter, Heat source of tne Где, neater 
is the bleed air from the second stage of the engine. In tne bleed air line 
the solenoid valve (bleed air gate valve) is installed. 


г 
і 
Ae 
Le 


Icing and choking at the low pressre filter is detected by the pressure 
difference between the up-stream and down-stream of the filter. Pressure 
in the up-stream is sensed immediately before the fuel flow transmitter 
while that in the down-stream is sensed at the outlet of the low-pressure 
filter, 


When this pressure difference exceeds 3 £ 0.2 psi, the pressure switch in 
the sensing line closes its contact point to light the fuel de-icing warning 
Ц light (red) оп the upper instrument panel іп the cockpit. 


Hot air extracted from the second stage of the engine passes through hot air 
valve and flows into the fuel heater to perform de-icing. 
About 4% of the power delivered from the engine is consumed to perform de- 
icing by the hot air. 

5.6.2 Switch Position 


The gate valve on the bleed air line performs three missions according to 
the control switch positions in the cockpit. 


Control Switch Position 


OFF ............ Engine bleed air does not flow even when fuel de-icing 
warning light is on. (Heater is not in operation) 


Gate valve is alwavs CLOSED. 


Auto ........... Engine bleed air starts flowing automatically and 
simultaneously when fuel de-icing warning light 
comes on, (Heater is in operation.) 


Gate valve is OPEN 


Manual ......... Engine bleed air flows even when fuel de-icing warning 
light is not оп, (Heater is in operation) 


Gate valve is always OPEN. 


The fuel heater is of such a construction that the fuel passage is straignt 
and the engine bleed air crosses the fuel flow line at the right angle. 
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Figure 5—31 
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5.6.3 Major Components of Fuel De-icing System 
(1) Fuel Heater Unit 
(2) Differential Pressure Switch 
(3) Hot Air Valve 


(4) De-ice Switch 
The fuel de-icing system is operated by above-mentioned major components 
automatically or manually. 


On airplanes #62 and later are provided the fuel temperature indicating 
system which has a fuel temperature bulb in the F.C.U. filter to sense 
the fuel temperature, sending signals to the dual type gauge on tne R/E 
side panel. Thus, the reference temperature for fuel de-icing operation 
is changed from O.À.T. to the fuel temperature. 


5.7 Fuel Quantity Indicating System 


Two Kinds of fuel quantity indicators are employed. 


(1) Direct-reading fuel quantity indicator designed to indicate the volume 
of fuel, i 


= 


(2) Fuel quantity indicator designed to indicate the weight of fuel. 


5.1.1 Direct-Heading Fuel Quantity Indicator 


This type of fuel quantity indicator is installed only in No. 1 and No. 4 
fuel tanks, on the manhole cover plates at W STA 4800 and W STA 8000 of the 
lower surface of the wing, respectively. They are so installed as to ve 
read directly under the wing. | ЕЕ 


Тһе scale indicates the fuel quantity in the unit of U.S. gallons. The 
indicator is graduated at intervals of 50 U.S. gallons. The indicator, 
designed to indicate the fuel level, consists of float, shaft, magnet and 


magnetic pointer, 


The vertical movement of the float is converted into the rotation of the 
shaft. On the lower end of the shaft is installed the magnet. The magnetic 
field is changed by turning of this magnet. Following the changes in the 
magnetic field, the magnetic pointer rotates and indicates the fuel quantity. 


The range of indication by this indicator is as follows. 


Inboard side TS to 425 U.S. Gal. 
Outboard side 450 to full U.S. Gal. 
= - — LL, ——À ___, 


5.7.2 Fuel Quantity Indicator Designed to indicate the Weight of Fuel 


Tne indication system is of electrical capacitance type. The transmitter 
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submerged in the fuel generales and sends n signal to the indicator a. 
electric capacitance varies with the change of fuel level, 


Electric power for functioning is extracted from constant frequency main 


bus. The indicator is graduated іп the unil of pound, nt intervals of 190 
lbs. 


The three tank units are submerged in the tank as parallel circuits. ine 
compensator which compensates the fuel quantity for variation of temperature 


is also submerged. These tank units and compensator as a transmitter sense 
the fuel quantity, 


Measurement of Actual Quantity of Loaded Fuel 
Gravimeter reading x 8,344 = Density (Lb/Gal.) 
Major Components of the Indicating System is as follows: 

(1) Indicator 
(2) Tank Unis and Compensator 
(3) Amplifier 


NOTE: For the components of the indicating system, see Chapter 4, 
INSTRUMENT SYSTEM, 
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6,8 Optional Equipment - Bag Tank 


As the optional equipment of the fuel system, provisions for auxiliary tar, 
installation are installed, 


The aircraft is equipped with all necessary piping and wiring for auxiliary 
tanks. Тһе dotted line part in Fig. 5-1 becomes effective only when auxi- 
liary tanks are installed. When no auxiliary tanks are mounted, the piping 
is sealed with a blind cover at the inlet of the tank. 


And, in place of a shut-off valve and a pressure switch in the line of the 
optional equipment, their dummies are installed. The wiring provision is 
blinded with plugs and not connected to the electric power source. 


5.8.1 Auxiliary Tank 


No. 2 and No. 3 tanks are bladder type bag tanks installed between wing 
spars inside the engine nacelle. The inner walls of the room enclosed 
by the wing spars are made from fabric reinforced plastic boards. 


No. 2 tank consists of two cells while No. 3 tank of three cells. On the 
bottom and ceiling are installed interconnector fittings for the connection 
of cells, which are interconnected by pipes. 


Bottom ..............2-1/2 inch dia. pipe for fuel flow 
| Ceiling — қ Š t inch dia, pipe for tank vent 


The tank is secured by button hangers to the side wall and by snap fasteners 
to the ceiling. Each inner wall has a guide. 


The inter connectors of the tank is joined together with bolts with a 
tightening torque of 25 = Б inch-pounds. 


5.8.2 Specifications of the Tank 


| қ Хо. 2 Хо. 3 
Total Capacity 909 / 1,438 / 
Unusable Fuel Amount 71 TÍ 
Expansion Space 39 f 181 


5,8,3 Fuel Refueling System 


(1) Gravity Refueling ; 


A filler cap for fuel refueling is installed on the upper surface of 
the wing at the tank location as alternative refueling means. 
Gravity refueling amount of fuel is as follows: 


No. 2 Tank 870f (about 230 U.S. Gal.) 
No. 3 Tank 1,360) (about 359 U.S. Gal.) 
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Ceiling Panels 
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ine ceiling is made up of vueuuul molded reirnforccdá plastic snee 
№ D . » D - 1 

(F.R.P. 0.8 to 1.0 mm thick) with polyurethane film glued on it eng 

external decorative cloth pasted on the plastic sheet. The decorative 


cloth 15 trimmed with beads, and those ceiling panels are set ог, the 
Stringers and the frames with Velcro tape. 


EN 
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Side Wall Panels 


Panels of the side walls are also made up of vacuum molded r 
plastic sheets (F.R.P. 0.4 to 0.6 mm thick) covered with fancy 
Joints of the panels are set in position with chrome pleted re 
plates and screws. 


Decorative Cloth 


The decorative cloth employed is в Тіге-ргооҒ material, Class 3 о? 
TCT-4-002. 


11.2.3 Partitions 


11.3 
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Partitions are provided to divide the space above the floor into the 


cockpit, the passengers! compartment, the galley, the forward cargo 
compartment, and the aft cargo compartment. Of those partitions cited 
above, the partitions installed between the cockpit and the passengers' 
compartment, and between the front wall of the galley, the wall o? the 
lavatory, and the front wall of the aft cergo compartment are fixed to 
the fuselage and therefore are not removable. 


Between the cockpit and the passengers' compartment is provided a cockpit 
door made of honeycomb material and a curtain is furnished between the 
aisle and the passengers! compartment. 


Cockpit Furnishings 


All equipment, apparatuses, meters, gauges, pilot lamps, etc. necessary 
for controlling the aircraft are provided in the cockpit, but the detsils 
will be found in their corresponding chapters also included herein. Іп 
this chapter, furnishings not covered elsewhere will be described. 


(1) 


(2) 


8 


Sun Visors 


Sun visors made of acrylic sheet are installed l ea. over the right 
and the left windshields respectively for the pilot and the copilot. 


Cup Holders 


Cup holders made of reinforced plastic is installed with hinges, 1 ea. 
under the right and the left sliding windshields respectively, and 
they, when not in use, сап be swivelled back into tne wall. 
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properly as follows: e 


Bright .........,........ &ll the lights are оп 

Medium ................. One out of every two lights is on 
Nj Y - | 
Night .................. Only the incenaescent Lamps аге on 


11.4.4 Passenger Seats 


Two persons can sit together and a collepsible arm rest is i 12 
the two adjoining seats. In the external rignt and left arm rests are 
provided the cup holders, ash trays, and reclining кпооѕ. 


(1) Cup Holder 


It is composed of two arms which пау be pulled out. “леу are hela 
together with а spring provided inside, thereby епао11пд tne arms to 


hold а cup in between. Both ends of the arms are so shaped 
may be neld with ease. d 


” 


(2) Ash Tray ж | 


e 


This ash tray is of pull-out type. 


и 


(3) Reclining Knob 


O 


By this reclining knob, the seat can be reclined between 15° + 
desirable. The backrest can be pushed rearward while pulling ur 
reclining knob. The reclined backrest can return automatically t 
original position by releasing tne lock by pulling up the reclining кпоо. 


(4) Passenger Seat 


The passenger seat which can be removed easily is mounted on railing 
with its legs and lock mechanism. Round holes are mace on the railing 
at intervals of 24 mm, and the distance between the seat leg and th 
stopper is 36 mm. If the seat cover is removed, the cushion located 


inside can be taken out for use аз 4 buoy type life preserver. 


11 Dec 15/67 
Page 1h 


— 


( DC Main Виҷз 


10A CABIN 175 


( DC Emer Bus ©) DC Main Bus " 


"p CABIN LICHT Іс CADIN 115 
У NIGHT с 


Night Light Sw 
(Aft Stewspanal 


و — 


FLUO DiM 


FLUO ORIGHT 


Cabin | Cabin Dome Light [Сарт 
T | | No. 1 Sw (Fwd Stews | Control 
Relay | Night Light Sw io) der Panel) Relay 
Bright (Fwd Stews Panel; Dim 
(MJB) ; Хо. 1 MJB) 
| 
ту №, 9 | 
| No. 12 J ا‎ 5 №. 11 
ER Cabin Dome Light Sw _ 
(Aft Stews Panel) 7 
OFF / 
Dim о, Cabin Dome м, 
ي‎ Light Dim Sw 
AF r. Sr dee / oN Bright ON 
di zz ld LA о, C77 sss 
/- Pn "AP Bx sur = = 
vi oh с.о,” we Ë 
on яз тө” / Cabin Lights Schematic Diagram 
Fwd tin РА Figure 11-9. 
P. ЫЫТ ATHE Sos, 11 
Page 15 


/- loc Qua CE GeV 


11 
Page 16 


Deleted 


Figure 11-10 


Dec 15/07 


Liquid Container (4 ea) 


> Stewardess Panel 


Curtain ` 


Closet 


TTT 


Galley Switch 
Panel 


—- = 


— ا‎ о“ Cupi2ea) 


\ 


Hot Cup Timer 


| 


d 


Meal Warmer (2ea) Cold Foad Box (2еа) ` Рр Trash Сап 


Mise Compar ment 


[$ | 


Galley Layout 
Figure 11-11 

б | il 
Page 17 


24.,9 


Galley and Stewardess Seat 
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In the galley are provided liquid containers, a sink, hot cups, meal 
warmers, cold food boxes, storage shelves, etc. and underneath the 


(1) 


floor is a trash can. Their leading particulars are as follows: 


Specification 


Power Cons mp” 


Size Quantity tion per unit | 
Liquid Containers 2 USG 5 120 watts | 
Hot Cups 2 580 watts 
Meal Warmers 2 200 watts 
Cold Food Boxes. 2 200 watt 
Misc. Compt. T 
fresh Can 1i 
Loset 1 
Electric NPower for the Galley 
Electric power may be used in the galley under the followings 
conditions only: 
е. The aircraft is in flight with its two engines in operation £ 
a та 
€ э ө өе,еесеп е 4 € % а ө Ф * Q b е е от. во 5» 9 4 P * à» ч k а N/R AC 
b. The power distribution system of the aircraft is connected with 
the ground power ѕоцгсе ................ DC 
кирән. nr ns ——— — eg 


(2) 


Thus, electric heat can be used in the galley either when W/F (A.C.) 
is supplied in flight or when the ground power unit (D.C.) is connected 
to the aircraft on the ground. 


The galley power selector relay in the elect. compt. is in operation 


when the GPU is connected and it is concurrently switched to the DC 
main bus bar and thus 28 volt DC is supplied to the switch panel in 
the galley. 


This power source is controlled by the aft stewardess panel switch 
and when the power is being supplied, the pilot lamp is on. 


tewardess Panels and Galley Switch Panel 


in the aircraft аге provided two stewardess panels which are described 
below collectively. 


a. Forward Stewardess Panel 


The forward stewardess panel is found on the upper right hand side 
just inside the passenger entrance and is provided with the 4 


following five switches: 


000 @ 


DOWNLIMIT PUMP PROP BRAKE © 
l STAIR WAT CABIN DOME МО, 1 


“3310 © © 


DOWN OFF OFF 
ENT LAGG NIGHT 
LIGHT —— 


9% 


CIRCUIT BREAKER 


| PASSENGER PASSENGER GALLAY AFT CakGO 
CALL READING 175 COME LTS DE iTS 


99 
900 es 


TOILET 


CABIN DOME LTS SW 


BRIGHT Ом 
DIM ОРЕ ON ON 
E оо 

CABIN — GALLEY TOILET 

NIGHT LTS DOME DOME 

"e AL. Ou LIGHT LIGHT 
Sw — SW 


COLD HOT 
CABIN TEMP CABIN TEMP 
SELECTOR AUTO MANUAL 


Stewardess Pane} 


Figure 11-12 


Dec 15/67 Page 15 


11 
Page 20 


otalrway control сирен 
Entrance dome lig. switeh 
Гаде light switch 

Cabin nignt switch 

Cabin dome No. 1 switch 


The foremost cabin light is put on and off from this forwareé 
Stewardess panel. 


b. Aft Stewardess Panel 


The &ft stewardess panel is installed in the сал1еу алё nas such 
switches and light as listed below. Below this aft stewardess 
panel is located the galley switch panel. 


Cabin temperature selector 
Cabin temperature auto-manual switch 
Cabin dome light switch 
Cabin night light switch 
Galley dome light switch 
Lavatory dome light switch 
` Stewardess call light 


с. Galley Switch Panel 


This galley switch panel is located beneath the aft stewardess 
panel апа a galley power switch апа pilot lamp are installed 
therein. 


Cabin Addressing Equipment 


Tne stewardess handset station is located behind the stewardess seet 
on the wall that separates the galley from the lavatory, anê cabin 
addressing and communication with the pilot are accomplished 

by means of this cabin addressing equipment. 


Stewardess Seat 
Two stewardess seats are located 1 ea. just inside the service door 


and in the galley near the lavatory. Those seats are set in place 
with hinges and are folded up automatically. 
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Figure 11-19 
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A.Inboard Sight Gage B. Outboad Sight Gage 


Fuel Tank Sight Gage Installation 
Figure 5—33 
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Vent Inter Connector (2 L/h") 
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Fuel transter pump installed on ther moante not bae bebbe On “ae бе, : 

fuel quantity indicatine transmitbler mid compencaber , nod Бабай, ihe i 4 

pressure refueling, comprise the Бан bank ncceusorieo. THe роба гез. еу 
| valve is installed in the outside Шар bank. 


Construction and functions of above-mentioned nuecessories are Loe сале AS 
those mentioned already and explanation on these accessories 15 omitted here. 


5.8.6 Fuel Quantity Indicator 


The fuel quantity indicator in the cockpit, used in commor for botn integral 
and bag tanks, is designed to be selected by means of tne selector switch. 
However, when bag tanks are not equipped,the following units are not pro- 
vided and their connections are blinded. 


(1) Selector Switch 
(2) Tank Empty Warning Light 


x 
(3) Transfer Pump Switch 


5,9 Water/Methanol System 


5.9.1 General Description (See Fig, 5-35) 


Engine output varies with atmospheric temperature. The water/methanol 
system of this aircraft is designed to inject water-methanol into the 
first stage impeller of the engine compressor to keep tne maximum engine 
power 3,060 HP necessary for take-off by lowering the temperature and in- 
creasing the density of intake air as long as the outside air temperature 
variation remains within the range from -20?C to І.5.А. + 30°C. 


Water/methanol delivered under pressure from the tank by means of the booster 
pump is metered to the desired quantity by the engine water/methanol metering 
unit. 


NOTE: As to the engine water/methanol metering unit and the water/methanol 
control unit, see Chapter 4, POWER PLANT. 


5.9.2 Water/Methanol Tank (See Figs. 5-36, 5-37 and 5-38) 


A synthetic rubber bladder type tank is installed in a cavity between the 
front and rear spars of the left outer wing, from W. STA 400 to W. STA 1,100. 


mhe tank is fastened in the cavity by snap fasteners to the ceiling and by 
button fasteners to the side wall. 


On the top of the tank is installed the filling port and at the bottom of 
the tank is installed the mount for pump installation. The main line and 
auxiliary vent line are attached to the tank. 
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Specification for water/methanol mixture (cont,) 
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» TEMPERATURE - 'C. 3298 


Specific gravity of water/methanol mixtures at various temperatures 
(Centigrade scale) ‚ 


SPECIFIC GRAVITY- с F./60 "F. 


TEMPERATURE > °F 3299 


Specific gravity of water/methanol mixtures at various temperatures 
(Fahrenheit scale) 


Figure 5—34 
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Figure 5—36 
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punes ana а door. The following items аге installed in tne сопрагудеа>. 


а. лелісаі toilet and toilet support 
b, mirror cabinet 

с. Wash stand 

а. cat hanger 

e. ¿Assist handle 


ral 


11.0.2 Water Supply System 


ib 


waver for lavatory uses is stored in the lavatory water tanx locate 
the bulkhead between the lavatory compartment and the aft cargo com 
ment. Capacity or the tank is 20 liters approximately. 

`x 
unis storage tank can be filled from the water service panel which is 
round immediately behind the service door. 


rí 


Bad 
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On the water service panel are provided with a supply рогу and an overflow 
“port, and = check valve and a drain valve ere installed in the supply line. 


"he drein valve must be closed except when water is being drained “rc 
the tank. Moreover, the water tank is provided with an overflow valve 
which lets out air and overflowing water during water re-Trilling. 


11.6.3 Drain System 
aste water flows from the galley апа the lavatory are joined vogevzer 


under tne floor and discharged by way oi the buffet drain outlet located 
in the rear bottom on the L.H. side of the fuselage. 
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dd. 


In the fuselage of the aircraft ure provided s forwera cargo 
an aft cargo compartment and a belly cergo compartment wni 
in details ss follows: 


Volume GER Cesecity (10.; Tie 
Forward cargo compartment ore 1,206 
Aft cargo compartment ЖТА 2,000 
Belly cargo compartment TO 1,909 


In each compartment is provided a placard snowing its capacity anc 


strength of eacn floor. 


As mentioned ebove,the compartments nave 6,11 and & tie down 
to the flooring, respectively. The Tlooring is co 
in order to prevent damages to the surfaces. 


The belly cargo compartment located beneath the floor is provicec 


netting so that the cargo does not lean against the Goor, 


Heat Insuletion and Sound Proofing 


In order to achieve heat insulation anc sound proofing effect 
compartments, fiberglass sheets wrapped in vinyl film are place 
the skin and the cabin trim filling spaces between the respective 
апа the fiberglass sheets are fastened to tne fuselage with bu 


adhesive. 


Beneath the skin near the propellers, camping t 
vided in three layers in addition to the said fi 
in thick rubber sheet is also located inside the ice plate. 

cabin entrance where the stairway is mounted damping tape in 
is spread on the inner face of the skin in place of the fiber 


ape (aluminum f 
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frames 


ttons end 
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rgless sheeting. 1/8 
Arc тле 
three laye 
-glass sheeting. 
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OR 


A lining material composed of nylon cloth lined with fiberglass sheeting 
is provided on the walls of the forward cargo compartment, the aft cargo 


compertment, and the racio rack compartment. 
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Portable Oxygen. Bottole 
with Mask(Stewardess) 
(Ref to 35- 30-1) 

Escape Slide (Inflatable) 


Escape Rope(R H) 
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11.0 Олсгсесасу and Gerety Deviecs 
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Хлогдепсу and safety devices are Kupu at panteg Drom Vr, r, BEY ПУ o 
taken out promptly in case of emergency, and Near such р.алес are provi, 

lacards that indicate instructions that must Le оосегуеа in L&noling sre. 
emergency and sarety devices. 

11.9.1 Emergency Exits 


g 


Emergency exits must be maintained in such а way tnat they may ve enpioye 
as such in case of emergency. 


(1) Sliding windshields (in the cockpit) 


mm = 
` T 5 


(2) Emergency escapes (at the center section of the fuselage on tne L.H, 
ара Н.Н. sides) 


(3) Service door (in the aft fuselage on the Г.Н. side) 

(4) Rear cargo door (in the rear section of the fuselage on the Р.Н. side; 
11.9.2 Nemes о? the Emergency and Safety Devices 

As the emergency and safety devices the following items are includea: 

(1) Sterner pistol 

(2) Axe 


irst aid kits 


Qua 

La 

سے 
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(L) Flesh lights 
(5) Inertia flesh lights 
(6) Escape ropes 
(T) Life lines 
(8) Escape slides 
(9) lige ра 
(10) EZzergency-trgnsmitier 
(23) Lire vests 
(12) Porteble Zire extinguisners 


A A 4 ы = 
(13) Portable oxygen bottles 


TO 
ф 
ft 


21.5.3 


(1) 


(3) 


(4) 


(5) 
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Summary or the Emergency and Sufety Devices 


Signal Pistol ........ Made by the Koa Kako Co. (model K1) 


The signal pistol is retained on a shelf in the forward Cargo сограго- 
ment and provided together with the pistol are smoke bombs (деги orange 
smoke), flare bombs, and flash bombs which are placed in containers 
(three bombs of each Г: РРегел% type to & container). 


AXE .................. Made by Air Associate Ло, 6701 


One axe is attached to the wall on the L.E, side behind the pilot 
seat, 


First Aid Kit ........ Made by Daiichi Ika Co, 


One first aid kit containing eleven items is placed on the partition 
of the galley on the В.Н, side. 


Flash Light .......... Made by the Suiriku Denki, Model Kanameru No. 802. 


One flash light (water proof) is hung on the wall on the L.H. side 
behind the Pilot seat. 


inertia Flash Lights 


Inertia flash lights are provided 1 ea. above the emergency exits. 
Those inertia flash lights come on automatically by means of the built 
in dry cells if G acts on them. It is therefore necessary to place the 
switches of the flash lights in "Auto". They аге also provided with 
"manual" switching devices for the convenience of checking the dry 


cell lamps. 


Escape Ropes 


Escape ropes for emergency escape placed in containers are located beside 
the sliding windshields, the aft cargo door, and over the service door or 
in & container provided on the wall by the service door. 


One end of each rope is fixed to its container. Тре ropes are long 
enough to reach the ground from the exits. the rope for the aft cargo 
door is used by placing its hook on the fitting provided on the em- 


> ` 
ergency exit. 


Life Line 


Tris life line is placed on the hat rack above the emerzency exit in 
the center section of the fuselage, and is used to gui. ihe passengers 
from the fuselage to. the wing in case of ditching. One end of tne line 
is fixed to the fitting installed above the emergency exit and the 
other end to the fitting on the engine frame in the nacelle. 


(9) 
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Two 
tne 
air 
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escape slides are provided, one on the service docr and tne 22 
aft cargo conpartment door. Each escape slide hes а riga pres 
bomb (3,000 psi) and it can be inflated rapidly with tne bomo after 
slide has been thrown outside the fuselage and fastened to tne fit- 


ting found at the emergency exit. 


Life Rafts 


Three rafts which are wrapped in vynilon cloth individually are paced 
in the aft cargo compartment. One life raft is usually сарао:е of 
sesting 25 persons in general, consisting of the upper ana lower air 
chambers. The life raft may be inflated with the COo automati 

inflator contained in the raft. The following items are contained in a 


bag: 


Tent and its struts 
Oars 

Bellows and hoses 
Repair tools 
Bailer and sponge 
Set of emergency and safety devices 
Water bag 

Flesh light 
Whistle 

Compass 

Seawater distiller 
pare ropes 
Heliograph 

Smoke signal 

Jack knife 

Water proof matches 
pliers 


Dye marxer 
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Fishing tackles 
t. Seawater dosalting device 
u. Work gloves 
v. Shark protector 
w. instruction manuals 
(10) Emergency Transmitter 
An emergency transmitter is placed in the aft cargo compartment and 
is used to transmit distress signals, in case of Gitching, or electric 
power supplied from a hand operated generator. This emergency trans- 


mitter is capable of transmitting SOS signals automatically at trars- 
mitting frequencies of: 


500 ke, 1,000 eps, modulated output 2.5 watts 
0,280 kc, non-modulated output 2 watts. 
The emergency transmitter is provided with the following &ccessories: 
\ 
a. Kite (used for hoisting the antenna) 
b. Balloon (used for hoisting the antenna when there is no wind) 
с. . Hydrogen producer (used to inflate the balloon) 
d. Signal lamp (put on the head of the transmitter operator) 
e, Antenna assembly (used for radio transmission) 
f, Parachute (used for dropping) 
(11) Life Vests 


Cushion of the seat is available for survival devices, 


(12) Porteble Fire Extinguishers 
A total of four portable fire extinguishers are provided 1 ea. in 
the rear and on the L.H. side of the cockpit, in the forward cargo 
compartment, beside the service door, and near the aft cargo compart- 
ment door. | 


(13) Portable Oxygen Bottles 
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| Stretch Slide out smooth & flat as possible 
2 Fold the Rail Tubes in toward the Center 
3 Fold each Side of the Slide Under 

4 Fold the Slide Approximately in Half 

5 Place Slide into the Container 


ДК Тїез оп Ваг 


Quick Disconnect 
Coupling 


l 

| 
m е. | 
-/ Tie Patch “А” №. " A 


2k Static 
nodes Collapsed 


CC 27 


Next Fold 


RIT Fold 


Breakable Cord (Sloops) 


? 
Flake Webbing 6 Suitable If nd 
Length to Reach Pockets 


\ Quick Disconnect Coupling 


š ; Д 
< than Slide Container ; 
E Z 4) on Flexible Hose 


Escape Slide Maintenance Practice 
Figure 11—23 
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12.1 cGeonergel Teserintion 
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This systen accomplishes “he Pollowlng Zun22ioz5 Tor the IDAT between the 
cockpit гогусгя pressure bulkhead ( ta-l2210) and tne aft pressure tulk- 
head (5%а-оо00). 

PRESSURIZATION: The system is capable of pressurizing The Birocalt ub ТО 
а maximum differential pre. are CF +.40 рэі хол respect 
to the atmospheric pressure. This corresponds 15 іле 
atmospheric pressure eltitude ог the pressurized сош- 
partment at 8,000 ft when the sircrar)rv is at an altitude 

20,000 ft. 
VENTILATION: The air in the portion bove tne Тіоог in tne eZcrez&ll 


range is changed at а rate of once in two or Tiree minutes. 


TEMPERATURE Cabin and cockpit temperatures сап ое convtrollec inaeren- 
CONTROL: x dently. 

PRESSURE RELIEF: If the differential огеззаге between tne air pressure in 
the pressurized compartment anc whe etmospneric pressure 
exceeds 4.41 psi, the setety valve is actuated, relieving 
the air pressure in the dressurized comtartment ana tro- 


tecting the airframe. On the other папа, lI tne atm 
pheric pressure becomes 0.2 osi or more higher т 

tne pressure in the pressurized coamtertment, the external 
air is let in the pressurizec compartment through the 
functions of the safety valve to eliminate the pressure 
difference. 


LA 


In addition, а ram air valve is provided for the ventilation and pressure 
reduction of the pressurized compartment oy introducing the external 

air into it in the event of an emergency or on other occasions. 

In order to supply air for pressurization and temperature control, the 
system is provided with cabin superchargers which are driven by the 

right and left engines through the gear boxes. 


12.1.2 Construction 


The air conditioning system, which consists ОҒ various canponents working 
іп“ coordination, may be divided into the Tollowing sub-systers. 


(1) Compression and spill 
(2) Cooling 
(3) Pressure control 


(h) Temperature control 


12.1.3 
11) 
(2) 
(3) 
(L) 
(5) 
(6) 
(T) 

12 
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AL ox 


fo supply air, two 
boxes of the right 


ЕРИ 
roots type conpres.: аге locatcc 
a " 4-1 r А вк a 7] 

and left nacelles und are driven оу TRE CLE. ARGS., 


As the compression rate of the roots type comprecsor lo oma) | 
the temperature of discharged air is high, а boot strap tyre consist- 
ing of a cooling turbine provided with two neat exchanges and one 
compressor is employed, offering improved cooling effects. 


с 


ы 


Even when the aircraft is on the ground, sufficient cooling can be 
done by driving the cooling fan, if the engines are running. 


cr 
> 


The pressurization system is operated fully pneumatically, using го 
electrical power. 


No space heater is provided. Space heating is accompiisned Ly арр-у- 
ing back pressure to the roots type compressors. 


"ем 
is L 


Even when one engine is inoperative, sufficient pressurization са 
be maintained during flight. 

` 
Air discharged from the compressors can be by-passed into 
олеге by spill valves located on the outlet sides of bota 


and left compressors. 
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Air Intake Filter 

Cabin Supercharger 
Spill Valve 

Silencer 

Check Valve 

Back Pressure Valve 
Max Flow Control 
Primary Heat Exchanger 


? Ram Air Valve 

10 Ground Cooling Fan (Fwd) 
11 Cooling Turbine 

12 Anti-Ice Valve 

13 Secondary Heat Exchanger 

14 Ground Cooling Fan (Aft) 

15 Water Separator 
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16 Cabin Air Mixing Valve 

17 Cockpit Air Mixing Valve 

18 Ground Air Conditioner Connector 
19 Foot Warmer 

20 Safety Valve (Aft) 

21 Safety Valve (Fwd) 
22 Cabin Silencer 

23 Cockpit Silencer 

24 Water Separator Duct 
25 Ventiration Air Control 
26 Water Separator Duct 


Valve 


Cabin S/C 

Press Xmtr 
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Thermo 
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Diff Press Cont 
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Press Reg 
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Compression and “9111 System 


12.2.1 System Operation 


Both the right and left systems teke in atmospheric alr Үгоп tne а. 
located on the right side of the respective engine naceiics, and sena 
to the superchargers where it is compressed (max. 12.5 £0.25 psi or L 


(D 
2 Di ta, 


edge of the respective wings. Air from the right system and air from the 
left system meet with each other in the rear part of the center wing uncer 
tne Floor of the cabin. 


The joined air flow is divided again into a system which produces hot air 
Гог pressurization, heating and ventilation and a system wnich produces 
air flow for cooling. 


The compression system has the following safety systems: In other words, 
provision is made to limit the pressure, temperature and flow rate for 
the protection of the supercharger and the cooling turbine. Furtnermore, 
a spill control system, which by-passes the compressed air outboard, is 
provided Гог he protection of the engines from overload. 


The maximum flow control, whicn limits the flow rate, controls the left 
side only. 


12.2.2 Major Components 


(1) Compression System Components 


Part Name Location E EA/SHIP 
Air intake Nacelle RH. 2 
Supercharger Nacelle Gear Box 2 
silencer Inner Wing T. Edge 2 

2 


Check Valve Inner Wing T. Edge 


(2) Spill System Components 


Part Name Location EA/SHIP 
Spill Valve Eng. Nacelle RH 2 
Press Regulator Eng.Nacelle RH 2 
AP Control Eng. Nacelle RH 2 
Thermo Valve Eng.Nacelle RH 2 
Мах. Flow Control FWD Air Cond. Compt. 1 
Solenoid Valve Eng. Nacelle RH 2 

‚ thermo S.W. (16355) | AFT. Air Cond. Compt. l 
Thermo S.W. (110°C) Cooling Turbine 1 
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compression System 

(1) Air Intake Filter Box 
The air intake filter box is located on the starooara cf the engine 
and consists of a screen, filter (felt folded in pleats) and а 
relief valve. 
The relief valve, located at the bottom, is opened at tne supercnarger 
d г + : 4-1 ғ Н ы ` ` = = ` Z - ұт 
intake pressure of 20-2 in. sq. when the filter is blocked witn icing 
etc. 

(2) Supercharger 


a. Functions 


(a) Type and component No. 


LE Rh 
Type No. 15, MKih, S22 15, MXLL, 82р 
Part No. 139187 139202 


The difference of type no., results from the shape of 
removable outlet. manifold attached on the supercharger. 
Each supercharger itself is identical so tnat its inter- 
cnangeability is available. 


(b) Compression 

Roots type with a compression ratio of 2. 
(c) Delivery capacity 

800 to 860 ftJ/min at an aircraft altitude of 20,000 ft. ` 
(d) RPM 


It is obtained by multiplying the engine speed by 0.8, its 
maximum speed being 12,000 rpm. 


b. Operation 


If the pressure ratio of the roots type supercharger is main- 
tained constant, its driving horsepower becomes almost pro- 
portional to the rpm. 


Since its rate of delivery is almost constant at а constant rpm, 
/ the roots type supercharger is ideally suited for planes sucn 


as transports which fly at a constant speed while maintaining 
the same differential pressure. 


In order to change air flow wnile keeping rpm constant, nowever, 
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(3) 


(4) 


starboard. 


discharge surplus air or to tnrottie the 
suction on the inlet side of the supereharger. furthermore, 
в safety device is needed against a rise in the delivery pres- 
sure caused by the surplus eir. This Сеуісе is the spill 
control system described later which is a by-pass system locat 
on the outlet side of the supercharger. 


The pressure ratio of the roots type is lower than that of the 
contrifugel type, and its efficiency generally lower, but the 
roots type is free from compressor stell and other phenomena 
waich are seen in the centrifugal type. 


tnis type of supercharger develops noise which increases with 
rom so that a silencer is needed in the downstream. Since th 
У5-11 is а twin-engine aircreft, в check valve is provided to 
prevent back flow from the operative supercharger to the outlet 
< 
P 


side of the inoperative supercharger when one o 
is inoperative. u 


ccomplished through en oil route in which engine 
es from the gear box to the supercharger and then 
gear box again so that the supercharger does not 
йге special oil servicing. 


Silencer 


Type V9975 
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Ihis is а Helmholz resonator. One each is provided on the port an 
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Check Valve 


А : š J h ue 43007 
The maximum working eir pressure is 15 psi (70° aaa De The back 
flow air volume needed to prevent beck flow is б b/min mex. 
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Principle of Operation 
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Cutway View of Supercharger’ 


Cabin Supercharger 
Figure 12—43, 
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Oscillating Plunger EN ( £ 


Worm Drive 
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Transfer Pipe Lubricction Diagram 


Cabin Supercharger Lubrication 


~ Figure 12—4 
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Figure 12-0 


Jad Stake 
Pagine Counptessor [ | ‘ ы. 
те رر‎ е. Nolte LH System shown 
| RH System similar except Max Fiew Control е 


дат 
Press 


vO ре-ісег,^ ETT. | Gage! RH Console) 
Sys «/ d | e 
— 


<— T | —. 
et WM „| m=] $. 
е /; d = ` 
Inject SH LN Š vi М ` 
| с van / " r 
Где WS 2 = Cabin Pressurizatiun Svs / ^ from RH 
Valve k Amir 
tu Jet Pump ` 
(F wd) ef 
là ғ 
| / Filter 


1 

| t 

| | from b 
| 173 ә: ВН Engine K 
— — aas oe 


I a 


> ' 
Spill Valve Control Swing” ly 2 Әк " 
l'ressure Check | Reservuir , i 
Regulator or e Е 
| Valve 7 | 


9721 to Jet Pump ё 
eR (Aft E 


ААЛЛДАДЛАЛАЛ. 


Orificed Tee 


Valve 


2042 H20 


‚ Cabin 
Supercharger 


Spill Control 


бейеп Vale | m 
Press 
Amtr 


| 21-1 | | 
12.5—13.0 psi |, | 


= 


Cabin Supercharger 
Thermo Valve 


Хә connection", 
on КН System 


Overboard 


= — 


From 


Silencer 


ZE" 
| Back 
Pressure 


Valve 


Nacclle 
Inbd Side ° 


to Warning 
Lt Жы” 


(Flap Well) 


(Left Hand only) 


B = 
Max Flow 


Control | [ p Cabin е 


Spill Control System 
ligure 2-7. 
12 Dee 15/67 
Page le 


High pressure acting on the interior of the respective diaphragms 
through the adjustable orifice is intended to abate the pulsating 
pressure from the supercharger outlet. 


For АР control, an inlet valve with spill servo pressure at 11.0+0.1 
psi and an outlet port to its ambient are also provided. If ine dif- 
ferential pressure between the high and low pressure sides reacnes 
12.5+0.25 psi or more, the inlet and outlet ports are connected оу 
the function of the metering valve directly coupled with the dia- 
phragm assembly, thus venting the pressure of the servo pressure 

line and increasing AP through the spill valve. 


(5) Supercharger Thermo Valve 


Ihe thermo valve consists of a temperature sensing element, which is 
composed of a high rate-of-expansion housing containing a low rate- 
of-expansion core, and a spring-loaded ball type valve mechanism 
connected to one end of the sensing element. 


То one end of this valve, 11.050.1 psi of the spill servo pressure 


line is: applied through the supply port. The other end is an ambient 
vent open to the atmosphere. 
“ 


f the temperature at the outlet of the'supercherger rises, the adapte 
mounted on the core is pulled because of the difference in the rate 
of expansion between the core and housing (core expansion housing 
expansion) so that the ball type valve is opened, establishing the 
pessage from the supply port to the ambient vent for the relief of 
the servo pressure line pressure 11.0+0.1 psi. 


As a result, the spill valve is opened. The temperature setting is 
19S". 


(6) Spill Control Solenoid Valve . 


The valve is located on the fuselage side of each of the right aná 
left nacelles. Their mounted positions are slightly different 
from each other. 


The valves are opened electrically and let the servo pressure of 
11.0+0.1 psi escape. 


(T) Maximum Flow Control 


This consists of a venturi body assembly and a flow control servo 
valve. 


From the inlet pressure sensing port and the throat pressure sensing 
port of the venturi body, the respective pressures are led to both 
sides of the diaphragm of the flow control servo valve. If the air 
flow reaches 715.2 {0 +10% lb/min (9: air density), the inlet pressure 
sensing side overcomes the throat pressure sensing side and pushes 

the diaphragm. 

As a result, the servo metering valve is actuated, relieving the Spill 
control servo pressure through the vent, and opening the spill valve. 
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Figure 12-11 
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(2) 


Pressure (ri lings @ 


Pressure rofueling provisions for Lu banks аге Chem М, Do 
tank pregsure refueling provisions excepl (па) а Brunei" vale. 
line to the bag tank shall be opened for refueling. 

Pressure refueling amount of fuel is as follows: ` 


No. 2 Tank 820 / (about 217 0.5. Gal.) 59 
No. 3 Tank 1,320/ (about 349 U.S. Gal.) 50 


5.8.3 Fuel Feeding System (See Fig. 5-1) 


(2) 


(3) 
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Transfer Line 


One fuel transfer pump is mounted оп one of the cells in each tanr. 
Fuel in the bag tank is transferred as shown below. 


No. 2 Tank — No. 1 Tank — No. 1 Engine 
No. 3 Tank — No. 4 Tank — Қо, 2 Engine 


In the transfer line is located the pressure switch which indicates the 
completion of fuel transfer from bag tanks to main tanks or the 

presence of any trouble in the transfer pump. In this case, tne fuel 
empty warning light (Red) located at the shoulder of the fuel quantity 
indicator on the instrument panel in front of the copilot seat comes on. 


Fuel transfer is performed by driving the iransfer pump and control ie 
mechanically by the fuel level control valve in accordance witn uel 
level change in the integral tank. The fuel level control valve is 
installed in the integral tank at the extreme point of tne Zuel iine 
from the bag tank to the integral tank, and functions automaticaly 

to stop fuel transfer when the fuel level in the integral tanx reacnes 
the full point and start fuel transfer when tne fuel level drops. 


Bag Tank Vent Line 


The bag tank vent is led to the integral tank expansion space. Tne 

bag tank vent line running toward the wing tip behind the rear spar of 
the wing enters the integral tank passing through tne rear spar at 
around W STA 9200 to vent the air inside. The bag tank is provided with 
an auxiliary vent line, which extends from the tank ceiling and joins 
the above-mentioned main vent line. 


\ 


Pipes 


Sizes of the pipes used in the bag tank system are as follows, 


Transfer Line 1 inch dia. 
Vent Line Main 1 inch dia. 
Aux 1/2 inch dia, 
Pressure Refueling Line 1 inch dia. 
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a. 


General Description of Operetion 


As safety equipment to protect the engine, Supercars 
turbine and to limit the delivery rate, there 5 


е аге à Spiana V&4V8 
and а spillcontrol servo system which controls its operation. 
n " " в ь . ^ ` _ = = ` тн 
AUTO or "MANUAL" spill control is accemplisred ty а by-pass 2422 
end Spill valve provided near the outlet of the supercharger. 
she Spill valve, which is pneumatically operated, leads tices alr 
геѕ- 


(approx. 70 051) taken from the @nd stage of the engine солу 
sor to the spill valve control pressure regulator where i 
edjusted to 11.0%1.0 psi before delivery to the splis servo pras- 
sure line. 


This pressure line is connected to four valves, each coupled witz 
a vent hole which is open to the outside atmosphere, When various 
conditions described later are met, the valve mechanisms concernec 
are actuated and the spill servo pressure line is connectec to 

оле vent hole. 


As .a result, the pressure of the servo pressure line can no 
be maintained at 11.0+0.1 psi so that the spill valve connected 
to one of the line is opened to let air on the outlet side о: whe 
supercharger escape into the atmosphere. 


As long as the servo pressure line maintains 11.0%0.1 psi, inis 
spill valve is kept in "closed" position. 
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b. Conditions under which the Spill Valve is "Open" 
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I | 1 | Supercharger 


protection 


Max. cabin 
air-flow 
limiting 


4 | Cooling 
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protection 
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6 |Engine pro- 
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pagation 


Manual spill 
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Thermo valve 


AP control 
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control 
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ог more 
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the left are 
met, opposite 
side spills. 
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flight) 
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Water-methanol from the engines into tne atmosnhere 52 5025 tne 


pressure source or the spill servo vressure 


= ied ^ 
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harmful water-methanol from entering tne cabin and cockolt 
through the air conditioning system. 


52211 Valve 


It is а valve of 2.5 inches in diameter consisting of а iiepnrzmm 
assembly and a valve mechanism. When there is no pressure in the 


tl ¬ 11 = سلب‎ 
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servo pressure line, the valve is maintained in opened розі 
by a spring. ІР the servo pressure line is actuated, however 
atmospheric pressure and the spring pressure act on one side 


3 
C 
diaphragm, while 11.0+0.1 psi of the spill servo pressure lire ас 


SÉ 
on the opposite side so that it is balenced and kept stationary at 
" 11 spo 405 ` a a- 4 . - 4 
CLOSE position but if this pressure drops even а little, tne balance 
is lost, the spring stretched, end the valve placed in "OPEN" position 


A micrq switch is located in the arm which links the d 

the valve mechanism. If tne valve is placed in = position 
5° of the fully-opened position, the contacts of the micro swit 
are closed to light the spill valve indicating lignt on the сосхтї® 
RH side console, indicating that the valve is "ОРЕХ". 


E 


Spill Servo Pressure Regulator 


Tt consists of a diaphragm assembly and a metering valve. 

One side of the diaphragm is connected to the atmosphere. ne біг- 
phragm is held down by an adjusting screw with a spring in Det- 
ween. On the opposite side is provided a regulated pressure chamber 
which is connected to the engine bleed air (approx. TO psi) inle 
port and the output port to the spill servo pressure line (11.020.1 
psi) through the metering valve mechanism. 

The delivery pressure is adjusted by spring tension. 


m 
A 


AP (Differential Pressure) Control 


It consists of a spring-loaded diaphragm assembly and a metering 
valve. AP is controlled by adjusting the tension of the spring con- 


nected to the diaphragm by the adjusting screw. 


The diaphragm assembly consists of two diaphragms, steady-state and 
transient. 


On one side of the steady-state diaphragm, the spring tension 

and the inlet side pressure of the supercharger act 0 ne MN 
pressure sensing port. The outlet side pressure ої the superonsavrg 
acts on the transient diaphragm through the high pressure Sensing 


port. 
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Micro Switch 


Spill Servo Line 


Detail B 


Air Flow 


Section D-D 
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Spill Valve 
Figure 12-9 - 
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S Indicators 


As indicators for the compression and spill syster 
cabin supercharger discharge nir indicator anc sp 
light located in the copilot RH side console. 
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(1) Cabin Supercharger Discharge Air Pressure па: сахо 


This is an AC synchro type (26V 100с/5 AC) two-poínter x 
dicator which indicates differential pressure signal 
transmitters mounted in parallel with tne AP contro. 
and outlet sides of the right and left superchargers 
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The pointers 1 and 2 indicate the left and right systems respectively. 
(2) Spill Valve Indicating Light 

One amber light each is provided for the right and left spill valves. 
When the spill valve is opened, the micro switch mounted on ine 
spill valve is set to "ON" so that the light comes on, indicatin 
that air is being spilled. 
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12.3 Ceol Af System 


12.3.1 System Operation 


Combined air flow from the right and left superchargers is divided into 
two flows again. One of them passes through a cooling system which con- 
sists of the primary heat exchanger, secondary heat exchanger, coolin 
turbine and water separator, to produce cold air (0.6°C). 


This cooling system is of the so-called "boot-strap type" in which the 
pressure of air to be cooled is raised by a compressor and the temperature 
Lowered through adiabatic expansion by an expansion turbine. 


The pressure ratio of the roots type supercharger is so low that tne tem- 
perature cannot be lowered efficiently by the cooling turbine.  Hign-tem- 
perature and medium-pressure air flow delivered from the supercharger is 
led to the primary heat exchanger where the temperature alone is lowered 
without lowering the pressure and is then delivered to the compressor 
stage of the cooling turbine which raises the pressure. 

At this point, however, the temperature also rises because of compression 
and friction heat which increases with pressure so that air flow from the 
compressor stage is cooled again by a secondary heat exchanger which lowers 
the increased temperature. At the same time, the expansion turbine is 
driven by this air flow, lowering the temperature through adisbatic expan- 
sion. In addition, the temperature is lowered by the amount of energy whicn 
is used to drive the compressor. 


At this point, the air flow let out from the turbine is cooled rapidly so 
that water drops are formed. For this reason, a water separator and 
water separator duct are provided to separate and drain water drops 
outside the aircraft. ef 

Furthermore, an electrically controlled and hydraulically operated ground 
cooling system is provided for use as an auxiliary equipment when suffi- 
cient ram air cannot be obtained for cooling the heat exchanger, for ex- 
ample, when the aircraft is on the ground. 


12.3.2 Main Components 


(1) Cooling Turbine 


Type: Boot strap type 

RPM : 39,000 rpm (max.) 

Outlet air temperature: 0.6°C (33.0°F max.) 

Flow air weight: 87.0+4.0 lb/min (sea level) 
Lubricant: MIL-L-6085 

Oil capacity: 521 cc 


(2) Ground Cooling Fan 


RPM: 10,000 rpm (max) 
Flow max.: 2.5 gal/min 
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(At present, the RPM is limited to 5,800 rpm to supp 
3 Cooling Turbine 
This turbine unit consists of a centrifugal type compressor end а raàiB. 
flow type expansion turbine connected together with a shaft. Between tne 
compressor and the turbine, are located a wick type lubricating oil sump 
апа а servicing inlet. There is also a dip stick to check oil level. 


4 Primary Heat Exchanger 

This is an air-to-air cooling system and is located in the front pert of 
the air conditioning compartment. From the ram air scoop in the bottan 
surface of the fuselage, it circulates ram air (cooling air) corresponding 
to the aircraft speed round the many thin tubes through which hot air flows, 
thereby lowering its temperature, and lets the air escape toward the left 
side of the airframe. The hot air in this case circulates in а single- 


4. 
path, flowing in from one side of the thin tubes and getting out f 
the other side. When the aircraft is stationary on the ground or 
taxiing, ram air corresponding to the aircraft speed as in flight cannc 
be obtained so that cooling air is obtained by a ground cooling fan ëriver. 
by а hydraulic motor mounted on the ram air scoop. 


5 Secondary Heat Exchanger 


€ivided into two halves. As а matter of fact, it is of double path 

type in which hot air (conditioned air) first flows in from the inlet side 
ОҒ the latter hal, makes а "U" turn inside, and gets out in cooled air 
flow from tne outlet side just before the inlet opening. 


It is of the same type as the primery neat exchanger but is internally 
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The ground cooling fan is located in the rear of the heat exchanger 
trast with the primary exchanger. 


6 Water Separator 


. 


The system is provided with a water separator and a water separator duct. 
(1) Water Separator 


This is a kind of centrifugal type water separator in which cold 
air containing moisture from the cooling turbine is swirled and is 
given rotary motion to utilize its centrifugal force to collect 
and drain heavy moisture outside the aircraft. 


When the water separator is frozen or when the surface of the fiber- 
glass condenser is frozen beceuse of moisture, the temperature 
condenser located near the outlet senses a temperature below O?C 

and opens the anti-ice valve through which hot air by-passing th 
cooling turbine and secondary hest exchanger is circulated, pre- 
venting icing. 


In the center part of the inlet side, a relief valve is loca 
prevents the condenser from being blocked with foreign substances. 
The valve is opened when the differential pressure exceeds L 


in-lig. 
Water Separator Duct 


This is a petal-cone type separator which catches and 


which cannot be fully separated by the water separator. 1 
provided for the cold line апа two for the condition line. 


The duct is of conical construction consisting of six petals against 
which conditioned air is blown to rotate them and to utilize ine 
centrifugal force to separate the remaining moisture. 


12.3.T Ground Cooling Fan System 


(1) 


(2) 


Ground Cooling Fan 
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One cooling: fan each is located on the inlet side of tne rar 
for the primary heat exchanger and on the outlet side for tne 
heat exchanger. It is a hydraulic motor driven fan operated by 
groundwcooling fan switch on tne cockpit side console. 


веке 


It consists of a hydraulic motor, clutch assembly, oil 1еуеі 
assembly and fan shaft housing assembly. The fan szed is 10,000 rpm 


max. At present, however, the speed is limited to 5,800 rpm by re- 
stricting the rate of flow to the hydraulic motor in order to recuce 
noise. 


E] 


Even if the hydraulic motor is not operative with the switch turned 
"OFF", if ram air is blowing egainst the fan as in flight, the fen 
continues idle running in wind-milling condition by means of 
mechanism. 


Ground Cooling Fan Indicating Lights 


These "amber" lights are arranged at the lower left of the spill 
valve light. If the ground cooling fan switch is turned "ON", tne 
lights come on and simultaneously the solenoid shut-off valve is 
actuated, opening the oil path to the hydraulic motor. 
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12, Pressurisation System 
` 

12.4.1 System Operation 
This system controls the opening of the forward outrlow valve located 
in the electric compartment and the opening of the after outflow valve 
located in the pressure bulkhead of the STA 8080 by means of a pneumatic 
mechanism to adjust the air pressure of the pressurization area. 


As a safety device, if the differential pressure exceeds 4.4140.1 psi, this 
outflow valve acts as a safety valve through which air can be relieved. 


It is controlled by the copilot who operates the cabin pressure controller 
located in the copilot side console. 


The functions of this system include: 
(1) Automatic Pressure Control System 
a. Fixed altitude pressurizing operation 
b. Fixed,rate of change operation 
c. Fixed differential pressurizing operation 
(2) Manual Pressure Control System 
(3) Cabin Pressure Relief System 
a. Positive pressure relief 
b. Suction relief 


12.5.2 Main Components 4 


Location EA/SHIP 


Cabin Press. Controller Cockpit Side Console 

{fsnuel Press. Control Vaive " 

Outflow & Safety Valve Elec. Compt. STA8050 
"1 


Pneumatic Relay 

Jet Pump 

Air Filter | 

Test Valve Cockpit Side Console 
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12.4.3 Pneumatic Control System g 
(1) Pneumatic Pressure Mechanism 


Cabin pressure is introduced into tne reference chamber of ме 
cabin pressure control through filter orifices. This pressure 
presses the isobaric bellows located in the control, opens ire 
metering valve, and lowers the internal pressure of this control 
by means of a jet pump. 


If the pressure is brought down to a certain point, the metering 
valve is closed to stop the internal pressure from being furtner 
lowered so that the internal pressure is maintained at a predetermin- 
ed value. Іп other words, the opening of the metering valve is auto- 
matically varied according to changes in the cabin pressure so tnat 
the internal pressure will be maintained almost constant. 

This pre-determined value is called reference pressure. 

If the spring strength of the isobaric bellows is changed, tne ге- 
гегепсе pressure is also changed correspondingly. 

Since this reference pressure is sent to the upper side оГ two 
pneumatic relays, the pressure of the upper half of the pneumatic 
relays may be considered constant at all times, unless the cabin 
altitude setting is changed. 
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In tne meantime, cabin pressure delivered through the filte 
of the outflow valve is compared to the reference pressure and metere 
by the pneumetic relays. For this reason, the pressure of the lower 
side of the pneumatic relay anc tne internal pressure of the upper side 
of the outflow valve are exactly ine same as the reference pressure 

and are always constant, unless the cabin altitude setting is changed. 


о 


in this manner, а constant pressure determined by the cabin alti 
setting of the control is maintained inside the reference chamber of 
the outflow valve. 


The lower side of the outflow valve into which cabin pressure is fed 
keeps balance with the sum of the internal pressure of the reference 
chamber and the spring force. 

If the cabin pressure goes up too high, it moves the spring a little 
upward, increases the opening of the gate valve, and lowers the cabin 
pressure. If the cabin pressure goes down too much, the gate valve 
is held back by the spring, reducing its opening, and increasing 

the cabin pressure. 


Nemely, the outflow valve like the pneumatic relay is a kind of follow- 
up pressure regulating valve which accomplishes the function of main- 
taining the cabin pressure constant according to the reference ргез- 
sure in the control. 
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Cabin altitude Betting 


The knob for setting the cabin altitude of the cabin preszure control 
determines the internul pressure of the control. 


When balance is maintained in normal condition, if this knob is 
rotated, the reference pressure of the control is changed and the 
cabin pressure also corrospondingly changed. 


A fast change of the cabin pressure gives discomfort to the passengers 


so that there is & rate system by which the changing speed of tn 
cabin pressure can be regulated. 


(3) Rate Operation 


There is a diaphragm which divides the interior of the control into 
two parts. They are interconnected through orifices. 


When the reference pressure in the contrl changes to a new setting, 
the internal pressure of the upper rate chamber changes with a dei 
which saves the operation of the metering valve. 


Because of this function, the reference pressure cannot become equal 
to the new setting quickly. The change is so slow that the internal 
pressure of the rate chamber can follow it up. 


The follow-up speed can be regulated by the needle valve of the rate 


knob. The narrower the opening of the needle valve, the slower th 
Speed of change. 


(4) Івобагіс Bellows 


This unit maintains the reference pressure (cabin pressure) constant. 


(5) Differential Pressure Mechanism 


The higher the flight altitude, the less the atmospheric pressure 
and the greater the differential pressure. This is not desirable 
from the standpoint of airframe strength. If, therefore, the dif- 
ferential pressure exceeds the safe range, the differential pressure 
diaphragm of the differential pressure mechanism of the control is 
actuated, which relieving the reference pressure from the "ATMOS 1" 
to the static line regardless of the cabin altitude setting. 


This function comes into action when the difference between the са- 
bin pressure and the atmospheric pressure exceeds 4.16 psi. If 

the difference is reduced to less than 4.16 psi, it ceases to 
operate and returns to normal operation. 


(6) Safety Valve Mechanism 


The safety valve mechanism is self-contained in the outflow valve. 
If the difference between the cabin pressure and the static pressure 
exceeds 4.414+0.1 psi, a small diaphragm to which a ball type valve 
is connected is forced down, relieving the reference pressure, and 
opening the outflow valve. 
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Fixed Altitude Pressurizing Operation 
= ЧЕ — Г. = = pac cC T "T 
ince the maximus differential pressure is 4.10 pol, бу Pier eta fain 
А : £ ee = ти 
capacity that can be practicaliy utilizes, consists Cs VAC eler, 
TWO? 
а. Мах. Pressurizing Sonedule 
If the pressure controller is set to the sea Level (2 ft, ve?ore 
Жы + > PES жа. "e= 7| 
take-off, tne cabin altitude is maintained av tae са EYE, wol. 
the aircraft altitude reaches 8,900 ft. If the altituces Turtner 
increases, Switchover is made to the fixed ditfreren >. .- pressure 
operation. 
©. in. Pressurizing Schedule 
ТГ the pressure controller is set to 8,000 ft before техе-отт, 
the cabin altitude increases with the aircraft alvitude up to 
8,000 ft. When the aircraft altitude is between 0,000 ft anc 
20,000 ft, the cabin eltitude can be maintainec at 2,009 22. 
Т? the sircrazt altitude exceeds 20,000 ft, switchover is mace 
to the fixed differential pressure operation. 
Between the max. pressurizing schedule line алда the min. pres- 
surizing schedule line, therefore, the cabin eltituce is nain- 
teined constant regardless of the aircraît altitude change. 
тіхеб Differential Pressurizing Operation 
Tris operation is performed irrespective ог the pressure controller 
setting. If the aircraft eltitude exceeds 5,900 Тї under the mex. 
pressurizing schedule or 20,000 Ft uncer tne сіз. pressurizing schedule 
the cabin altitude begins to rise with a pressure eltitude 4.1620.2 vsi 


ner tnan the aircraft altitude. 


epa 


їхеа Rate of Change Operation 


Sy ine газе control knob of the pressure controller 
of cabin pressure сап oe set between 5C Ғо/ліг and 
garcless of the rate of charge or the aircraft. 
Under zax, pressuring schedule, however, the cabin 
after the aircraft altitude has exceeded 5,9202 Fz, 
“Ге fixed differential pressurizing cpoeration regar 
ontrol setting. Ав a result, it clim>s, xeeping a 
pressure of 5,120 psi against tne вігсгатт altitude. 


—* 
rate o 


cnange 


ә хле гат 

2,090 Гч/діг re- 
rate oF elin 22, 

is switched to 
GLess oF ine гал 
LEX. Girrerentiel 


5 Manual Pressure Control System 


s an auxiliary control system to be used when the automatic control 


Mhig ` 
4449 1 ы 

is out of order. Its operation, therefore, should preferably be limited 
to the shortest possible period. 


This control system controls the outfiow valve by regulating tne opening 
of the needle type manual pressure valve. 

When the automatic control is in operation, therefore, tnis valve must 
alweys be Kept in fully closed "INC" position. 


When the cabin altitude setting is changed through manual control, it must 
be done carefully, while watching the cabin altimeter carefully. 

In this csse, neither the 4.16 psi differential pressure mechanism nor the 
" control mechanism does not work, necessitating the manual control, 
while watching carefully the differential pressure indicator and tne 

rate of climb indicator as well. 


4.0 Cabin Pressure Relief System 


` 
For pressure relief, a pressure relief mechanism is self-contained in the 
outflow valve. This functions as a safety valve. Regardless of tne 

pressure controller setting, therefore, if the differential pressure ex- 


сеейз the following limit, pressure is relieved. 
(1) Positive Pressure Reliez 


If the differential pressure exceeds 4.1640.1 psi due to failure of 

the fixed differential pressure control mechanism, the cabin pressure 
must be relieved through the outflow valve so thet the maximum dif- 
ferential pressure determined to protect the airframe constructicn will 


not exceed 4.414+0.1 psi. 
(2) Suction Relief 


the atmospheric pressure becomes higher than the cabin pressure, 


ç 
presses the airframe from outside. To protect the airframe 
construction, therefore, if the atmospheric pressure becomes 0.2 psi 
higher than the cabin pressure, the vacuum relief diaphragm is actuated, 
introducing the external air into the cabin from the outflow valve, 

thus keeping balance. 


d ol 


F 
ct ++ 


Furthermore, when the aircraft is on the ground, the cabin can be 
maintained in non-pressurized condition by the function of a jet pump. 


12,0, 


12.4. 
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۱ Ка! Valve ays Gon 
When Tng alrerari lu ol the round, ПО eq Piet eg L ul SONS sar t Û al oreusure 

1 р 1 " ` ST ME 0. г. 
to operate the fixed diffterenlial pressure mechanism (5.16 poi; cun ot 
obtained, even if the normal maximun pressure (-1,000 ft) is a ,p.ies. 

1 ` ыл ыз,” o4. 

Furthermore, if the system is in normal operation, the maximum 4177604055929 
pressure of 14.41 pši cannot be obtuined, whether the aircraft i£ on iLe 
ground or in the air. 


To accomplish the function test for these relief mechanisms on the ground, 
therefore, the respective test valves are provided on the copilot sid 
console. Under normal condition, these valves are kept in the "NORA" or 
"opened" position, locked with a stopper. 


(1) "DIFF" Test Valve 


Іг tnis is placed in "TEST" position where the valve is closed, the 
pressure of the reference chamber of the pressure controller is re- 
duced to zero through suction by the jet pump. 

As a result, the chamber pressure rises and becomes 4.16 psi higher 
than the around pressure. Accordingly, the fixed differential 
pressure mechanism of the pressure controller is actuated. 


(2) "RELIEF" Test Valve 


This valve is used to test the relief mechanism with the structurally 
established meximum differential pressure of 4.41 psi. With the 
"DIFF" valve in closed position, if this valve is also closeé in 
"TEST" position, the static port of the pressure controller is closed 
so that the fixed differential pressure mechanism ceases to operate. 
Thus the difference between the pressure of the reference charber 
(equivalent to the cabin pressure) and the atmospheric pressure ех- 
ceeds 4.16 psi and reaches 4.41 psi. | 


As a result, the relief mechanism of the safety valve is actuated, 
relieving the cabin pressure. 


8 Indicators and Warning Lights 


Tae indicators include a cabin altimeter, a cabin rate of climb indica- 
tor and а cabin differential pressure indicator. 


she warning lights include a cabin differential pressure warning light 
end a cabin altitude warning light. 


(1) Cabin Altimeter 
Tne same type of altimeter as that provided on the flight instrument 


panel is located on the copilot side console to indicate the ргез- 
sure altitude of the cabin. 


(2) 


2 lLTIGrence Levwecn the ТІісыз and eatin cltinetercs 10 wnat Du 
зле Sensing port ог the Plisht altimeter is coupled 525, tne 250527 
wort от tne сігігеле, that of the cablin eltimeter is oven in ty: 
cabin to Tind tne cabin pressure. i 
Cabin Rate or Climb Indicator 
as in пе case of tne cabin altimeter, this is also tne зале tyne of 
rate oZ clirb indicator as thet proviced on the flight instrument 
panel. ats static port is oper to the cabin pressure so that the rate 
cf climb of the cabir pressure can be read. 


Cebin Differential Pressure Indicator 


This indicates the difference between the cabir pressure алс tne &i- 
titude pressure of the airframe, that is, tne degree of pressurize- 
tion. its pressure port is open to the cabin pressure, while its 
static гі is connected to tne static selector of tne copilot. 


Cabin Differential Pressure Warring Light 


It is aN'red" light located on the copilot side console. 
If the cabin differential pressure exceeds 4.5z0.25 psi, the pressure 
switch is closed, lighting the lamp ала sounding tre buzzer. 


Тре sensing port of tne pressure switch is connected to tne cabin 
pressure апа tne copilot side static port. 

The buzzer is common to this eir concitiorning system and otaer warn- 
ing systems and can be cut off by depressing tne buzzer cut button 


on tne overhead panel. 


Cabin Altitude Warning Light 

It is a "red" light located оп the copilot side console. If tne 
cabin altitude exceeds 10 ,000+300 ft, the light comes on by the func- 
tion of the pressure switch located inside the rear of the side con- 


sole. 


Te pressure switch is open to the cabin pressure. The bellows inside 
the pressure switch ere always kept in compressed condition, held 
down by the cabin pressure from the sensing port. If, however, the 


cabin pressure exceeds 10,000+300 ru, tne bellows are expanded and 
the switch contacts are closed lighting the lamp and sounding tne 


buzzer. 


This electrical circuit hes а timer so that the light and buzzer are 
alternately turned on and off at an interval of one second. 
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2.5 Temperature Control System 
12.5.1 System Operation 


This system permits the independent control of cabin and cockpit хегреге- 
tures by the control panel of the galley and the temperature selector locat- 
ed on the copilot side panel respectively. 


For temperature control, the conditioned air of a desired temperature 15 
produced by properly changing the mixing ratio of hot air directly teken 
from the supercharger outlet and cold air taken from the cooling system. 


This mixing ratio is changed by adjusting the amount of hot air through 
controlling the opening of the mixing valves local. .2 tne respective 
hot air ducts of the cabin and cockpit. 


If the mixing valve is fully opened and the temperature still low, the 
opening of the back pressure valve located at the outlet of the super recharger 
anû the anti-ice valve which by-passes the cooling turbine secondary neat 


exchanger, is adjusted to obtain a room temperature of approx. 27 to 26°C 
(65° to 80°F). 


In other worês the conditioned air of a desired temperature is obtained 
by controlling the four electrically-driven (D.C) valves. 


The system mainly accomplishes the following functions: 
(1) Temperature selecting 
(2) Temperature sensing 


(3) Valve mechanism and control 

If a certain temperature is selected by the temperature selecting -Zunetion, 
tne temperature and the present room temperature sensed by the temperature 
sensing function are led to the valve control function, detecting the 
difference between them, and controlling the valve opening in such а way 
that the difference will be reduced to zero. In this manner, the room 
temperature is controlled to the selected temperature. 


As described above, this system is designed for fully electrical operation. 
The selected and sensed temperature are converted into the resistance 
values of the electrical bridge circuit in the temperature controller. 


as ké A 


Current continues to flow until the bridge circuit is balanced. 


Tnis current is amplified by a magnetic amplifier loceted in the same 
ontroller to obtain sufficient electric power to actuate the valve 
anc operate the respective valves. 
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2 Main Caotponents 


Part Name — Жалыны 
III] ].[. А ыс сы көлде. 
Auto-Menuel Select SW 

| Temperature Selector 

| Temperature Control 

| Temperature Sensor 

| Temperature Anticipator 


Cockpit, Galley 


1! 


Elect. Compt. 
Cockpit, Galley 
ir-Con. Comp! 


pit Air Mixing Valve | 5 x 
~ E rm ^" E < | 

ing -uroine Anti-Ice Valve 

Back Pressure Valve 


(1) Temperature Control 


This is located in the electrical compartment. The front side (this 
side) is the cabin temperature controller, while the rear side is 

the cockpit temperature controller. Note that they are not interchange- 
able, | 


The controller power supply is АС 400c/s 115V but DC (half wave) goes 
to the bridge circuit and rectified and smoothed full wave DC 28V to 
the valve drive circuit. The interior is a combination of a magnetic 
amplifier end a silicon controlled diode. 


(2) Valves 


All the butterfly valves are operated by a DC 28V reversible motor. 
The back pressure valve alone is much larger than the other four and 
is of partially closed type which has a gap of 2.9 sp.in. in fully 
closed position. р 


Their interchangeability is as follows: 


Cockpit mixing valve 4—————»5 Anti-ice valve 
Cabin mixing valve ———> Ram air valve 


The mixing valves are not interchangeable. Furthermore, their 
locations are close to each other so that care should be taken not 
to mistake one for the other. Pay attention to the duct routing. 
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Cockpit Mixing Valve 


Note | TH621 Onrittedl. 
See Wiring Diagram 
21- 12--0(1/2) 
for Hridge Circuit. 


Cabin Mixing Valse | 


Anti-ice Valve 


12.5.3 Temperature Control 
(1) Automatic Temperature Control 
he "AUTO" vosition and set 


ion, and tne valves ere 
il tne temperature is 


Pisce the auto-manusl selector switch i 
the temperature selector to a desired » i 
controlled by the temperature controller unt 


adjusted to the selectec temperature. 


(2) Manual Temperature Control 
Ir trouble occurs in the temperature controller, set tne auto-manual 
selector switch to "OFF", апа the circuit which leads to the tenpera- 
ture controller is cut off and the valve mechanism maintains tne ореп- 
ing at that time. 


To raise or lower the present room temperature, rotate the tempera- 
ture selector to "Heat" or "Cool". By so doing, the valve is opened 
or closed during the time the selector is kept at the position. 


in this case, DC power is directly applied to the valve through the 
switch. If the switch is left at that position, the valve is fully 
openec or fully closed. 


Approx. 15 to 25 secs is required before the valve is fully opened 
or closed. Furthermore, there is & considerable time lag between 
the action of the valve and the пилы or the conditioned 

air corresponding to the temperature change into tne cabin. For 
controlling the temperature, therefore, it is necessary to consider 
these points as well. As а result, it is difficult to set the room 
temperature at a proper temperature. 


For this reason, manual control should be regarded as supplementary 
means to automatic control and should be limited to the shortest pos- 
sible period. 


12.5.4 Temperature Selecting 


This is simply а variable resistor (1.2K 245%) which constitutes one side 
of the DC circuit for the temperature controller. Therefore, setting 

its resistance value to a desired value means giving the instruction of 

a desired room temperature to the temperature controller. 


12.5.5 Temperature Sensing 


This function consists of two components, a temperature senser and a ten- 
perature anticipator. These respectively constitute the sides of the DC 
bridge circuit for the temperature controller. 


(1) Temperature Sensor 


Mounted on the bulkhead in the rear o? the copilot seat and the 
bulkhead between the cabin and the galley in the rearmost part of 
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pressure valve begins to close. The valve i 


closed position where the valve opening corresponds to 


b, Cool 


For cooling, first the back pressure valve is fully орелед 
air mixing valve "^n begins to close and finaily closes f 


(2) Cockpit 


а. Heat 


= 
4 - ^4 
d, aj. 


First, the anti-ice valve is fully opened. Tne air mixing valve 


then begins to open and finally opens fully. 


b. Cool 


First, the air mixing valve is fully closed. The anti-ice vaive 


then begins to close and finally closes fully. 


12.5.1 Ram Air Input 


The cockpit auto-manual switch has a position merked "ВАМ". If the knob 


is set to this position, the ram air valve which leads ram air 


= A PS 
E? 


П 
== 


+ 


ram air inlet duct of the primary heat exchanger is opened whicn makes 


air conditioning impossible. Іп this case, ram air is led into 
so that the cabin and cockpit air mixing valves must be open. 


tne 
With 


selector knobs of the cabin and cockpit at any positions, therefore, the 


air mixing valves are opened by an electrical circuit. 
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NOTE: THIS APPLYS TO 
AIRCRAFT 1872, 
NiSUP, №214Р AND 
N128P ONLY. 


Foot Warmer Heater 


GENERAL (See Figure 1 - 3) 


The foot warmer (electric heater) is located in the conditioned air duct running 
forward beneath the К.Н. floor of the cocxpit. 


This foot warmer is operated bv the foot warmer switch located on the В.Н. Side 
Panel, reheating the conditioned air as 


- 


ech 


ecessary to warm ше feet о: pilots. 


This heater is an electric heater with metallic tube heating elements шка 
heater), operating on 2KW wild frequency power бері. A cycling switch an 


overheat switch are provided so as to accomplish automatic "ON-OFF coz we 
of temperciure. 


The setting temperatures for both switches are 250°F (125°C) but the locations 
are so selected that the working temperatures are different. 28W D.C. is 
Supplied to the control circuit. 


The temperature oi the air delivered by the foot warmer varies according to the 
air flow but it is usually between 60°C and 120°C, | 


The heater body, made of Stainless steel, is provided with an aluminum cover 
SO as to protect the terminal plate. The entire unit is insulated from heat оу 
glass wool and attached to the bracket оп the fuselage with four screws. 
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Chapter 13 ANTI-ICING & DLICER SYSTEM 
15.1 General Peserirtion 
13.4.1 Qitlinse 
The purpose of this system is to protect such important systems аз w 
propeller, engine air intake scoop, pitot tube, and static sort whic 
are liable to icing due to impact with the atmospheric air during Li 
flight by preventing or eliminating icing by means of electric heate 
or rubber boots. 
13.1.2 Classification of System 
(1) Airfoil Anti-icing System 
а. ain wing deicing system 
b. Tall wing deicing system 
(2) Engine Air Intake Anti-icing System . 
(3) Propeller Бізде end Spinner Anti-icing System 
(4) Pitot Tube and Static Port Anti-icing System 
(5) Windshield Anti-icing System 
The anti-icing is accomplished by means of electric heaters in these 
excepting the airfoil anti-icing system in which rubber boots аге uti 
for the purpose. 
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in the airfoil anti- icing system, rubber boots are provided over ng aoe 
from М, Sta. 5,160 to 14,400 in the main wing, from tne horizontal H. 
Sta. 1,000 to 5,850 and from the vertical V. Sta. 1,750 to 4.000 in the 
tail wing respectively, and these boots are intlatec with tne bleed air 
(ebout TO psi) from the second stage of tne engine compressor to eliminate 
the ice formed on the leading edge of each wing. 
The rubber boots are of two different types, 215 anc 225. Those Гог the 
main wing are given ап appropriate contour while those for tne tail wing 
are used in their original shape, when they are stuck to their respective 
reas with cement. 
(1) 215 (Spanwise type) 
(Sections) 
Main wing, М. ‘Ste, 11,800 to 14.800 ......,.-..-».....-. MX S 
Horizontal tail wing, H. Sta 3,200 to 5,850 ........... ZE x 2 
Vertical tail wing, V. Sta 1.750 to 5,000 ... 2 aa... ЕХ 1 
(2) 225 (Chordwise type) 
(Sections) 
Main wing. W. Sta, 50160 to 11,800 .........»--х.-.....А, К = 
Horizontal tail wing, Н. Sta. 1,000 to 5,050 .......... Laf x 2 


Sted above, the rubber boots cover 
с in 


The infla ation end deflation of these boots are controlled in а cefinite 
sequence and with fixed intervals by the electronic timer. 


There is additionally provided а cross-feed system to be used in case of 
single engine operation. 


2 System Operetion 


The bleed air (about TO psi) supplied from the second stage of the engine 
compressor is passed through the vapor filter, reducing iis pressure to 
18 + 1 psi by the regulator and relief valve, and, then to the pressure 
line of the left апа right distributor valves to inflate the boots. At 
the seme time, the air with the reduced pressure is Гогмагаей to the 
ejector, in which it produces a suction pressure of L to 6 in.Hg through 
Venturi effect. Ж 


This suction pressure is used to prevent the boots from being inflated 
by the negative pressure developed on the wing surface during flignt. 


The switching from inflation to deflation and vice versa is accomplishea 
by actuating the electronic timer with the ce-icing master Switch so that 
the solenoid valve of the distributor will be operated to cause the outiet 


port leacing to the rubber boots to be switched from tne suc 
the pressure line. 


: 1 D ` LM. = ps e PIE 
The electronic timer has a "heavy" and a "light" cycle functions, wi 


60 seconds and 180 seconds forming one cycle respectively. -R езуге 25 
n 1; zh F is 6 mds. wnicn gives а total inf 
each inflation time for A througn F is O seconds, pe g-"7e 22. 
. a T =. 7 -” 
tion time of 36 seconds. This means that the only difference овеочееп une 
"heavy" and the "light" cycle functions is the length ep rest intervals, 
namely, 24 seconds for the former and 144 seconds for tne latter., 


For fear of failure in the electronic timer, there is provided an overric 
manual switch, the operation of which permits selective inflation of 
tnese boots, 


As concerns the safety of the system operation, there are incorporated 
the relief-valve and check valve in both the pressure line anc ize suc- 
tion line to control pressure and prevent backflow in these lines. 


x<: 


For the purpose of ground inspection, there is provided the ground tes 
connection. 


- 


zach piping system is provided with а Grain port for water drainage. 
` 


1.0.2.3 Component 


Reguiator & relief valve 


Outboard side of nacelle 2 
(W.Sta. 3,334-4,000) 
1! | 


2 | Vapor filter 2 
3 | Check valve (pressure) Nacelle 2 
1 | Ejector а 2 
2 Suction relief valve Wing root 2 
6 | Check valve (suction) Nacelle 2 
T Distributor valve l. Nacelle 

2. Wing (W.Sta. 9,600) 6 


3. H.Stab.root 
Flight control compt. 1 


Electronic timer 
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Rubber Boots System - Locatin 
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À total 13 rubber boots, T in type, manufactured by Yokohama Pubber Со. 
Ltd, are installed according to the following schedule: 


| x Position Section | P/M | Uy | 

1 | Main wing, No. 3 A 225-10-1 | 2 | 
2 | у No. 4 B 225-10-2 2 x 
3 | i No. 5 p 225-10-3 2 | 
L " No. 6 D 215-10-8 2 
2 | Hor. tail wing СЕЕ | 228-10-53 2 

| inboard | | 
6 | Hor. tail wing E 215-10-6 2 

| outboard 
T | Ver. tail wing E | 215-10-17 } 


these rubber boots are glued with cement (EC-1300L) on the leading edges 
of тле wing and the stabilizers. They contain built-in inflation tubes, 
wnich are inflated with the pressure air described previously. 


The air connestion made of aluminum is connected to the pressure line by 
means of hose, while it is led into the boots by the manifold tube which 
is installed at a right angle to the inflation tube. 


The rubber boots are infleted individually by the sections (A through F). & 
However, the two boots on the inboard side of the horizontal teil wing 
(225-10-5) have two air connections and are internaliy independent of each 
other so that the exterior member will function as "F" while the interior 
member will function simultaneously with "С" (Wing No. 5). 


the following tables show the times required for the inflation and deflation 
of each boots section: 


mesas] [3 Te te 


Deflation time 8 [Ej 


` 


(in seconds) 


The allowable range of cycle time is 60 + 6 seconds in the heavy cycle 
and 180 + 18 seconds in the light cycle. 


The rubber boots are glued with cement (ЕС- 1300L or EC-1403) апа conductive 
cement (A-56B), and coated with a protective sealant (PR380 or EC-801A). 


When tney are to be removed for replacement, Toluol or Methyl Ethyl Ketone(MEK) 
is used to facilitate the removal. | 


10 


F Inflation Tube (1". Width) 


Air Connection 


И hüilation Tube (1" Width) 


Air Connection Type 21S Rubber Boots Construction 


Type 228 Rubber Boots Construction (1) 


Inflation Tube (1^ Width) 
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13.2.5 Regulator & Relief Valve 


The regulator & relief valve is a ga one euch between tne лв “OX e 
beams on the outboard side of the left ала the right nacelle s (W. St 

3,334 to 4,000). It is intended to fet compressed y of 18.0 + 1 ed 

Tron the bleed air and contains a relicf valve which is operated when the 
regulator goes out of order. 


(1) Part No.: 38E59-1 (Bendix) 
(2) Input pressure: 30 to 150 psig 


(3) Regulated pressure: 18.0 + 1 psig 
(4) Air temperature: -65°F to 550°F 
(5) Relief pressure: 20.0 + 0.75 psig 


13.2.6 Distributor Valve 


Tne distributor valve is composed of the pressure inlet port, tne suction 
outlet port, the ports "А" and "В" leading to the rubber boots, the ex- 
haust port and the two solenoids "A"-and "В". The alternate switching 

ог boots between the pressure and the suction is accomplished by means 

of the timar-controlled cycle or by the operation of the manual switch. 
The pressure of 18.0 + 1 psi is applied to the inlet vort and the suction 


of 4 to 6 in. Hg on the outlet port respectively. When the solenoi =. 
slve is not energized, any excess pressure is released through the ex- 
heust port. 


The ports "А" ала "В" and the solenoids "A" and "B" are connected to the 
corresponding lines to actuate boots. 


(1) Part No.: 1532-3 (Bendix) 
(2) Suction range: 4 to 6 in.Hg 
(3) Pressure range: 8 to 22 psig 
(4) Voltage: | DC 28у 
13.2.Т Vapor Filter 


The vapor filter is attached in front of the regulator & relief valve pro- 
vided between the wing box beams on the outboard side of the nacelle (W. Sta 
3,334 to 4,000) and it functions to relieve the engine bleed air of moisture 
and other foreign matter contained in it. 


Structurally, the conical screen creates a turbulent flow of the bleed air 
SO as to remove the moisture in the form of water drops and the cotton 
cellulose filter removes the remaining moisture and other foreign sub- 
stance from the passing bleed air. = 


this Bendix-mude vapor filter із assigned Part No. 11503-1 and has a 
Structure permitting the replacement of rilter elements. 


13.2.8 Suction Relief Valve 


The suction relic? valve is attached to the suction line at the fuse 
wing joint section (on the fuselage side of W. Sta. 0) and serves to 
prevent abnormal increase in the difference between the line pressure and 
the atmospheric pressure,with the relief pressure adjustable in the renge 
or from 4.0 to 7.0 in. Hg. Here, the relief pressure is regulated at 6.0 
in.Hg. This is made by Bendix and assigned Part No. 691-14. 


13.2.9 Indication System 


The indication system consists of the indication light system to indicate 
the operation of rubber boots of each section and the pressure indication 
system to indicate the pressure of the pressure lines and the suction 
lines in the system. 


(1) Indication Light System 
` 

On the cockpit overhead panel, there ere installed 6 lights correspond- 
ing to the 6 rubber boots sections "A" through "F". They come on 
through two different sensing means: The lights for the boot sections 
"A", "B" and "D" on the main wing are lighted by the electric current 
entering into the distributor solenoid valve, while the eure KA 
"Р" and "С" (combination) are energized by the pressure (10 + 1 psi) 


developed within the pressure line leading to the ie А айны - A 


In the sections "A", "B" and "D", therefore, it is possible that even 
when the indication lights are on, the booth i may not be functioning, 

for instance, due to the troubles in the distributor valves. Use 

or the pressure switch as the sensing means is avoided here, because 

such failure can be checked visually from the cockpit. 


(2) Pressure Indication System 


In the pressure indication system, the difference between the pres- 

sure in the pressure line and suction line of the rubber boots systen 

and the static pressure in the alternate static line are detected 

by the corresponding transmitters and indicated on the pressure 

gauge and the suction gauge found on the overhead panel ‘respectively. 
я 

The pressure and suction for these transmitters are taken fra the 

cross-feed section of the center wing so as to incicate the said 

difference at all times throughout the entire duration of engine 


operation. / 
13.2.10 Transmitter 


There аге two transmitters, one for the pressure line and the other for 
the suction line, and they are located in the flight control compartment. 
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туле Air Intake Anti-Icine Avestan 


This system is composed oT the heuting circuii of the heater element 


ZEE 


елей іл the interior of the peripheral portion of the engine ir 
intuse vO be heated by the WSAC power source, the current balance unl 
Say controlling the load of е1ссігіс power zupplicd to tae circuit, 206 


cyclic timer Гог controlling the heating time, апа similar otner cortro.- 
ling units and their corresponding indication units. 


спе neater elements used in this system are of two different tyres, Con- 
tinuous and cyclic. 


“nis anti-icing system has one independent system for each о? tne two 
engines and permits cross feeding so that the anti-icing operation wilu 
be continued if the power source or the cyclic timer,if either of the 


systems, snould have any trouble. 
2 Principal Components: 


This system has an wiring system commonly used by the propeller anti- 


icing system to be described later. “The power source and the control 
system have components in common. 


` 


Part nane Station 'ty/Shiv 
Continuous heater element Both engine cowling 2 
Cyclic heater element " 2 
Current balance unit Flight control compt 2 
Cyclic timer " 2 
vain contactor " 2 
Сусііс contactor ` he 
Je-ice fail light Cockpit overhead panel 2 
Timer fail light Ë 2 
Cyclic timer switch š "N 


* OF the four contactors, two are for tne propeller and spinner. 
2 System Operation 


Closing the "Engine De-Ice Master Switch" on the cockpit overhe 
Duis the main contactor in its ON position and consequently establ 
в circuii to the cyclic timer. The moment the cyclic timer is ove 
the Wr power source is connected to the current balance unit throu 
main contactor. 
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о this main contactor are connected two circuits: One is led Сігестіу 
to the engine air intake continuous heater, while the other is branched 
and lec through independent cyclic contactors to the engine air intake 
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| | FUEL HEATING SYSTEM 
u^ з _= Fig, A - 55 


the starboard of the cabin, are the sensors which send sne room tem- 


perature signals continuously through an electric resistor to tne 
temperature controller. 


(2) Temperature Anticipator 


Located at the upstream ends of the conditioned air ducts of th 
cockpit and cabin under the floor, are the temperature anticipa- 
tors which detect the temperature difference of air flowing tnrougn 
the ducts, anticipate how the cabin temperature varies in several 
minutes, and prevent the overshoot phenomenon wnich occurs because 


of а long time.delay before the room temperature reaches tne preset 
value. 


Ihe anticipator consists of a pair of tnermistors, one naked and the 
other covered. These are inserted in two adjoining sides of tne bridge 
circuit. If the room tems гаїоцге is constant in the preset condition, 
the thermistors do not have any effects on the circuit. If а tempera- 
ture change is given, the covered thermistor senses it later than 

the actual temperature change. This-slows down the temperature 

change, preventing overshooting. 


12.5.6 Valve Mechanism and Control 


This consists of a temperature control composed of a bridge circuit from 
which signal current corresponding to the difference between the selected 
and sensed temperatures is derived to fill up the gap between them and a 
Magnetic amplifier which amplifies the signal current to a level en 


м A A ough 
for operating the valves, and four valves which are actuated, based on 
the signel. | 


(1) Cockpit 


Anti-ice valve, air mixing valve 


(2) Cabin 
Back pressure valve, air mixing valve 


ihe anti-ice valve is operated by the anti-ice sensor located at the out- 
let of the water separator for de-icing the water separator of the cooling 
system so that the cockpit temperature controller contains two bridges, 

an air conditioning bridge and an anti-ice bridge. 


In this anti-ice bridge, a cockpit temperature sensor is also included 
which generates air conditioning. signal as well. Operation of two valves 
each in the cabin and cockpit is performed in the following order: 


жы Cabin 


a. Heat 


First, the air mixing valve is fully opened and then the back 
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he 
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ig timer is operated to actusted a cyclic 
he electric current from the current tal 


ле Cyclic timer functions not merely to alterna 


through the selection of th 


current Dalance unit is auvometically actuated, whenever there 
& lack of balance in the supply of bower to the heater, to cut о 
solenoid contact of the main contactor and protect the AC gener 
Besides, it functions to provide required control to маке 
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Fas - 
Le 


iic contactor, 


оле system 


operate normally when the supply voltage nes not reacneé the working 


ievel on the ground. 


Wnen the main contactor fails to operate normaily, tne 


се-ісілп 


& 
warning light tomes on to indicate the presence of abnormal condition in 


tne circuit. 


The timer failure light comes on when the 
close tne circuit, while it goes out when 
to allow the cam inside to start rotating 


main contactor is actuated to 
tne cyclic timer is actuated 
anc, consequently, the cen- 


trirugal switch is operated to open the circuit. 


The switcning 
placed in its "Fast" position and 
its "Slow" position. 
13.3.4 Cross-feed of System 
The engine & propeller anti-icing 
each of the two engines. The two 
cross-feeding,in case any failure 


cycle of the timer is 80 seconds when the cyclic switch 


is 
240 seconds when the switch is placed in 


system is provided independently for 
systems are so Gesigned as to permit 
occurs in the WF power source or the 


cyclic timer belonging to either of the engines. 


(1) 


in case of Iailure in the timer 


Wnen the timer goes out of order and ceases its movement, the built- 
in centrifugal switch is closed and the timer Tall isnt comes on 
and, at tne same time, the timer changeover relay is actuated through 


tne WF bus control relay, with the result that the 


inter In 


Lent 


current from the timer on the other side begins to control the eyclic 
contactor on the defective side to automatically continue the 


anti-icing operation. 
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In сазо of ra lure in the WF power source 


When either oz the alternators goes ош, of order, the We transer 
А ` - а If 11 . * - + a e A. DELE 
метет must be placed in tho Trans. position., “nis swlvcning 


permits the Wr power to be transferred and, ел tne same time, 
actuates the timer changeover relay via the Wr wus control relay. 
Thus, the system is allowed to continue its normal function in tne 
same way as in (1) above. 


13.3.5 Heater Element (Spray Mat) 


This heater element is an electric heater mat celled "spray mat", which 
is composed of a laminated base coat of resin-glass cloth, a heating 

element of sprayed metallic sheet, and а top coat of resin-gless сіо%п. 
Externally, this element is protected with а layer of stone guarc win 
prevents any mechanical damage and further covered with a coat ог co-- 
rosion proof paint for ensuring resistance to corrosion. This mat con- 


tains a thermostat for the prevention of excessive heating. 


т 


hm. 
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Dropveller Anti-Teinre пустеет 
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„4 outline 


Chio Syscom Гомо а part rr + iu ts ied cu. nel» AT бар n» 
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seribed in the preceding section, und 1% is uiviied into the anvi-isllng 
heater Гог the propeller blade (to HON of the total blane length Teon 
the root) and that Tor the spinner. This sytem snares the wiring ard 
“Пе control system with the engine a 

is that this system has only the cyc 
Deiere, 


J. 


. M ^ = Ke Fu e т itg ke 
^ intaze system. тле CGirierence 


ч 
lic heaters cut lecks the continuous 


she power consumption of this system is WF 12.2 КИ. The electric curren 
flows to the cyclic heater (10,2 XW) of tne engine air intake ала to the 
cyclic heater of this system alternetely to do the required heating. 


13.4.2 System Cperation 


This system is overated by turning on the engine de-ice rester switch o? 
the same system as thet of the engine air inteke found on the cocapit ai 
RH side overhead panel. 


The wire running through the hole on the rigat side of the air intere 
extends to the brush gear housing at the end of the engine, and it furti 
goes through the supressor and the brush box and, vie the medium o7 the 
slip ring housing that rotates with the propeller, reaches tne three 
fixed contacts in front of the slip ring housing. When the spinner is 
fixed, these fixed contacts are brought into connection with the tnres 
spring contacts to permit the electric power to flow to the corresponcing 
heater elements of the spinner. 


Tne heating of the spinner is accomplishea by the circular nose element 
at the globular end section and the three racial elements on the rear 


periphery. 


The element is produced by interweaving resistant wires in a fabric of 


glass filaments end molding this fabric in габоег. This element is cemented 


on the inside wall of the spinner. 


Similarly the heater element of the propeller blade is manufacturei by 
interweaving resistant wires in a fabric of glass filaments ana molding 

the fabric between sheets of rubber, and this element is cemented on the 
blade. The only difference is that the element for the propeller has а 

protective gauze of very fine metal wires cemented ол the lower side 

of the external sheet of rubber to function as the de-icing oversnoe. 
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Propeller Blade Anti-icing System Schematic 


13 Figure 13-14 
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Power consuiption in cycle 
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CG 
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Power consumption 


Eng. Intake Contineous Heater : 4.9KW 
Eng. Intake Cyclic Heater : 10. 2 KW 
Prop.& Spinner .12.2RkW 
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(Electric Power) 


Figure 13-16 
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Propeller Spinner Anti-icing System Schematic 


Figure 13-17 


13.4.3 Principal Components 


Part name Station Q'ty /Snip | 
Suppressor Spinner brush gear housing 2 | 
Brush box 7 2 
Slip ring housing Propeller 2 
Terminal sealing ring | ë 
Fixed contact š б 
Spring contact " 6 
Blade heater element š 8 
Spinner heater element ` 2 


3.5 Pitot and Static Anti-Icing system 
13.5.1 Outline 


= 


ter (28V 80W) one each 
inside for tne purpose of anti-icing, and each static port has a static 
heater (28V STW) for the same purpose. 


Wneiner these heaters ere functioning normally or not can be confirmed 
by means of the selection switch of the load meter. 
“ 


13.5.2 System Oneration 


Tae power, DC 20V, is supplied from the DC emergency bus through the 
corresponding 10-А circuit breakers in the circuit breaker panel. When 
tne Pivot & static de-ice switch on the overhead panel aft. is turned "CX" 


"> 
she Pitot & static де-ісе indicator light cames оп and, . the зале Time ,. 


the ritot and tne copilot Pitot heater relays are actuated to deliver DC 
power to each neater through the shunt to energize the heaters. 


ГО tnis shunt is connected the load meter through the selector switch. 
50, (ле worKing condition of heaters can be confirmed by operating the 
selecto- switch. 
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c CH | | (See 30-70-0) 
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LH Static Heater 


Pitot & Anti-icing System Schematic 
Figure 13-18 


Pase 


13.0 Windshield Anti-Tetne аи! 


13.0.2 Outline 


1115 SYST is operated by heating Au euer y Vuc oo Lice її ele ene 
мізл the WP power supplicd to the UQronspurent cong clive Pilm tmo922ec 
throughout the entire glass arca. Tue left and rigat windshlelo panels 
can бе heated in two steps, "high" or "Пом! by operavinz vue IRAK 
ie-ice" select switch on the cockpit overhead aft La pane. 


í 
о 
+ 
in 


„һе wr power is taken from the А d and В A phases of ilo. 2 bus ana tne 
B A and C ø phases of No. 2 bus. When tho select switch is lace ir 


P" 
the "nign" position, the loft and right windshield »znols .ге connected 
in parallel to No. 1 bus and No. 2 bus. When the switch is piacenu in 
the "iow" position, the two panels ere connected in series +o only Ho, 1 
bus for the supply of power. This means that the "high" connection takes 
four times as much power as the "low" connection. Besides, when t 
heater is in operation, the correspording indicator lignt is on. 


In this anvi-icing system, when the switth is kept in its "low" p io 
during flight, the vinyl layer on the inside wall of the glass is nested 
to give suitable flexibility to the glass so as to ebsorb the impact 
shocks caused by birds etc. 


13.6.2 Principal Components 


Part Name Station s ty/Srip | 


Windshield heater element 
Heater sensing element 


windshield 
11 


Cockpit overhead 


panel 
1! 


ho 


Windshield de-icing indicator 


High-low selector switch 
Hrgh-low transfer relay 
De-icing control relay 

De-icing power relay 


Elect. compt, 
rl 


O Po ҥн Li 


A 


12.6.3 System Operation 


Tne de-icing control relay is closed by turning on the winds: 


= 
b سال‎ 


cid de- 
icing select switch. Then, the de-icing power relay is ene.Jjized, closing 
the circuit to light de-icing indicator light and, at the same time, to 
connect the WF power source to tne heater circuit. 


So, if the select switch is placed in its "low" position, the power is 
taken only from No. 1 bus to connect the heater elements on both panels 
in series. 
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If the switch is placed in its "high" position, tho transfer relay is closed 
to cut off the power supply from tne left side and connect the WF power to 
No. 2 bus, making а parallel circuit. As а conseyuence, the energy for 

the heating is supplied by the WF buses on both sióes. 


When the heating is in progress, the indicator lights are on. When the 
temperature of the panel rises to 43 + 4°C (110 + 79Ғ), tne sensing ele- 
ment enbedded in the windshield panel closes its contact to snort circuit 
the electric current of the corresponding control relgys, cutting off the 
control relay and opening the power relay consequently. Thus, the con- 
nection to tne heating circuit is cut off. 


As the panel temperature goes down and the sensing element convact is 


opened, the heating circuit is made to flow electric current to the 
heater element consequently to raise the temperature. 
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Passenger Portable Oxygen System 


In the rearmost part of the R.H. cabin behind the rearmost row is located 
a portable case with the oxygen bottle, pressure indicator and maszs 

made of rubber contained in it which can be easily carried, The capacity 
is 22 cu.ft, the pressure being 1500 to 1800 psi. Duration of oxygen vs. 
number of persons using oxygen and altitudes is shown below. 
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Chanter 15 FIRE FeEOTET TION SYSTEM 
ШЫНЫН ы И И инни /e'!/——————— ———— 
15.1 Geners 


Cae fire vrotection system is provided for the safety o7 Cie, 


mhe Zire protection system consists of the detection system wnich notifies 
d p М i . 
the pilots of fire or overheating, and the fire extinguishing systen. 


(1) Fire Detection System 


Engine 
Landing gear bay 


(2) Overheat Detection System 


LBngine overheat 
Engine cooling air overheat 
Gear box overheat 


(3) Fire Extinguisher 


d 
Engine (methyl-bromide) 


15.2 Fire Detection System 
15.2.1 Generel 


In the engine Zone 1 (engine front section) and Zone 2 (engine rear 
section) are provided fire wire elements around tne engine in order to 
inform the pilots of engine fire. 


The temperature rise sensed lights the fire warning light and rings the 
bell in the cockpit by means o. tne fire detector unit, to notify ine 
pilots of the fire. 


In the L.E, and R.H. landing gear bays are located tne thermoswitcnes 
which come into action if the temperature rise in the bay becomes a fire 
Lazarü, lighting the warning light and ringing the bell in the cockpit to 
warn tne pilots. 


15.2.2 Engine Fire Detection System 


In ovaer to notify the pilots of engine fire, fire sensing elements are 
located around tne engine in the engine zone I and zone li. ‘his ele- 
ment, sensing tne engine temperature, transmits signals to the control 
unit. This detection system operates on 115V, 400 c/s power. During the 
positive half cycle of 400 c/s power, the element charges electricity 
between tne core wire and the outer pipe of the element and during tne 
negative half cycle, the electricity accumulated is disenarged, energizing 
the silicone rectifier located in the control unit. As tne tenverature 
rises, the amount of electricity accumulated increases, connecting the 
enode and the cathode of the silicone rectifier. Then, the RLA/2 relay 
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Figure 15—2 


es into operation, lighting the fire warning ligni and ringing the 
. To check this warning circuit, push tne fire warning lazm, and 


2 A the 
/1 relay in the control unit is energized to put the Cl condenser in 
the discharge circuit. The capacity of this С] condenser becomes ecual + 
the amount of electricity accumulated by the temperature rise о? tne element 


energizing the RLA/2 relay. The elements are vrovided in two kinds, long 
ones ала short ones which are connected together with coupling nuts. 


2 


Part Number Electrical resistance number used 
DOHTOIRO Soren aaee 10.1 зе 16-5 Ohm tbe tung fg 7 
DESTOSO 2... S he FOO Nee 2 


Handle these elements in accordance with the following instructions: 
(1) Bend the element smoothly with bending radius of 2" or 1" at the least. 
(2) Install the element with clips at intervals less than 9”. 


` 


(3) Once the element is removed, use new copper sealing washer P/N D200} 
when it is installed again. 


(h) Tighten the coupling nut with torque of 50 to 100 in-1lb. 


(5) Separate the element from the engine parts by 1/4" at least to avoid 
false warning due to overheating of tne element. 
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3 Landing Wheel Bay Fire Detection System 


On the ceiling and the interior skin in the L.H, and R.H. landing 80964 


Landi 
bays are provided three thermocouples come into action ат 300°C. 
If the temperature in the landing wheel bay exceeds 300°C, + 
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15.3 OvVevrnent Detection System 
Een 


lnis system is provided to detect overnvating Grounc ` 
box to warn the pilots. А syulem is provided tu doceert Ger ОТ 
tne H.P, turbine dist, In сазе of their overheating, wneir warning 
lights come on, but warning bell does rov ring. 


12.3.2 Engine Gear Box Overheat Warning System 
around tne engine and gear box are provided thermo switcnes which come 
into action when the temperature exceeds 18090. As the temperature rices, 


the overheat warning in the cockpit is Sighted, warning une ploto, 


Tne thermo switches are located: 


Around the engine combustion chamber Ц ea. 
In the engine breather duct 2 ез. 
Around the gear box - b еа. 


To check thig circuit, push the button, and the lignt comes on. 


(n 


15.3.3 Engine Cooling Air Overheat Warning System 


On the forward surface of the engine Н.Р. turbine бізс is provided zo 
sense tne temperature of the cooling air. The thermo couple convert 

the temperature of the cooling air into electrical signals for transmis- 
sion. 


ілесе signals are analyzed and amplified by the warning unit located in 
the electrical compartment, energizing the relay and Lighting the ov 
heat warning light in the cockpit to warn the pilots. 


To check tnis circuit, push the overheat warning light, and it should 
come on, | 
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15.5.1 Ceneral 


The methyl bromide fire extinguishing posites are Trividea two euch 202 
di 1 


fire righting in the engine and the lun 
to them from the reserve battery tnrougr tne сїзїї. 525 Gh. envy 4 


=. 
used even if the D.C. main tus and the emergency bus аге ouv O, зегу-се, 


15.4.2 Engine Fire Extinguishing System 


= 
wheel bay for each engine. Around tho engine are pe а spray rin 
and a spray nozzle by which tne pilots can extinguisn Tire in Zone - 
Zone 2. Consecuently, fire extinguishing agert can be discharged to O 
engine twice. On the exterior skin of each engine is insvcal.ec & greer 
relie? indicator. To discharge the fire extinguishing agent, pull спе 
low pressure cock handle tor the engine involved, throw the хата сокр an 
place the toggle switch in "No. l snot" or "Xo. 2 shot." Then, t 
cartridge unit of each bottle is energized, discharging the 2.1. 50% 
when "No. 1 shot" is selected or the І.Е. bottle when "No. 2 shot" 


selected, ` 


Methyl bromide is charged in the bottle, pressurized to 250 psi (0°C) 
witk nitrogen. Its weight is 6 lb 2 oz + 3 oz, the tot al weight being 
15 1b бог + hoz. It evaporates at 4°C under the normal atmospheric 
pressure. (#58 ~ Bromo-Chloro-DiFluoro-Methane Botzle) 


In the cartridge unit is contained a little emourt of black powder wnich 
explodes when its electric circuit is made, Gischerging metnyl bromide 
and popping out the indicator pin tO indicate that the bottle has been 
discharged. If the outside temperature rises, increasing the pressure in 
she bottle excessively, the plug for pressure relie? is rupturec and 
methyl bromide is discharged through the pressure üischarge indicator, 
changing the green color of the indicator to rec. 


Fire extinguishing in the landing wheel бау is accomplished in tne same 
way as that for the engine and the methyl bromide bottle is commonly used 
by the engine and nacelle as well. However, the fire extinguisning lines 
for the engine and nacelle are independently providec апа consequenvly no 
cross feeding takes place. 


115.5.3 Cabin Fire Extinguishing System 


As portable fire extinguishers, freon fire extinguishing bottles are 


provided 1 са. in tne cockpit, on the upper snelt in the rorward cargo 
ompartment and оп the wall of the aft cargo compartment Бу тле door, 


In this bottle is charged 1.21 19 of freon under 2350 psi. This agent 
effectively used for fire of oil and non-toxic to human vocies. Т 


total weight is approximately 2 Kg. When the weight is less than 1.5 Kg, 
recharging or the bottle is required. 
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Figure 16-1 


01.96247 Nacelle and Cowling Cover 
USE. To protect the nacelle and cowling against entering of moisture when the aircraft is parked. 


01-96213 Exhaust Pipe Cover 
USE: To protect the engine against moisture and foreign matter 
entering through jet pipe when the aircraft is parked 
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too small. As this stop is indispensable in Lhe event of a treuble with 

the engine, propeller, or control unit, it will be inconvenient if if works 
at the time of propeller pitch fining in ordinary flight. Accorfliugly woes 
the propeller pitch is fined down, the step is Zesigned to be automatically 


or manually withdrawn. f , 


5.3.2.1 Automatic Withdrawal 


For automatic control of this high stop, a hub switen is provided at tac 
pitch angle of 29.5°. When the both propeller pitches are fined down "ron 
the cruising pitch to less than 29.5? and the hub switch is 6epressed 701, 
the high stop withdrawal solenoid circuit is completed. When the rignt anc 
left P.C.U. solenoids are excited, the oil is passed to the fine pitch 
relief valve to overcome the 230 psi pressure, moving the increase pressure 
valve to withdraw the high stop. 

If the hub switch at the pitch angle of 29.5° of one propeller only is 
operated, the high stop withdrawal solenoid circuit is not formed; end con- 
sequently both high stops can not be withdrawn. 

The hub switch remains "ON" within the range from the piteh angle of 29.59. 
to the ground fine pitch of 0°, and also in the feather position. “nis is 
for the purpose that even when one engine is feathered, the other engine 
can be controlled below the high stop. 


5.3-2.2 Stop Position Indicator Light (High Stop Remove Light) 


Each propeller is provided with a high stop position indicator light, which 
is operated by means. of the cil pressure switch at the propeller ¢ccntrst 
unit. The pressure switch lamp is lighted with hydraulic pressure to 
indicate that the high stop is in the witadrawn position, when the fine 
pitch relief valve plunger is operating. 


5.3.2.3 Propeller Position Indicator Light (High Stop Unsafe Light) 


This indicator light is a propeller light which comes on when its circuit 
is completed in the high stop withdrawal solenoid circuit. It operates 
when the propeller pitch angle decreases below 09,59. that is, the larp 
comes on when the hub switch located et the pitch angle of 29.5? cf either 
propeller is "ON." | 

Usually, when the pitch is fined down from cruising, the lamp comes on snd 
suecessively the two high stop remove lights ere lighted, showing that the 
high stop is in the withdrawn position. 


5.3.2.4 Propeller Emergency Switch 


In case that there will be any inconvenience if the high stop Ge withdresm 


of itself for some reason or other, or where the high stop will not Ge etle 
to be formed owing to an electrical trouble with the high stop witndrswal 
solenoid circuit, this propeller emergency switch is used te form the hizh 
stop to prevent it from withdrawing. 
This switch is located іп the cockpit and has tre positions: "Normal" and 
"Emergency." Push the switch down to "Emergency," and the high stop wish- 
drawal solenoid is isoleted, which, therefore, will not be excited and tne 
high stop will nct be withdrawn even when the right and left hub switches 
are set "ОМ." 
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Chapter 1% OXIGEN SISTEM 
mn md rg EEN 
General 
The oxygen system consists of tho flight crew fixed oxyyen system, flight 


crew portable oxygen system and passenger portable oxygen sys 


Flight Crew Fixed Oxygen System 


р, 
Ф; 
С 
кз 
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The Plight crew fixed oxygen system is provided for tne pilot an 
and oxygen is supplied to then when its supply is required. 


Ihe oxygen bottle contains 22 cu.ft oxygen at the room temperature uncer 
а pressure between 1500 and 1800 psi, Тһе oxygen bottles are 1 

the wall behind the copilot. The demand regulators and masxs are insta.- 
led on the L.H. and R.H. side vanels. 


If the valve of the oxygen bottle is opened when oxygen is needed, tne 
oxygen pressure is reduced to 55 + 3 psi by means of tne pressure regul&- 
tor and oxygen reaches the demand regulator. Here, it is mixed with air 
and fed to the masks with which it can be used by tne pilots. The бесаса 
regulator reduces the oxygen pressure to 30 psi and sends a quantity oz 
oxygen or 100% oxygen corresponding to a given altitude to the masks. 


If the pressure is found below 1500 psi, the bottle shall be replacec ty 
new one. 


On each mask are provided a microphone and connection plug. 


Flight Crew Portable Oxygen System 
n 


The portable oxygen bottles for the pilots are installed on the shelf 
the forward cargo compartment and those for the stewardesses аге provided 
1 ea. beside the stewardess seats. 


ı E 


(1) Portable Oxygen for pilots 


The bottle contains 3104 of oxygen at a high pressure of 1500 vsi and 
the pressure of oxygen is reduced to 55 psi. 


Beside the bottle are provided the demand regulator and mask. The 
bottle shall be replaced by new one if its pressure is found below 
1500 psi. 


(2) Portable Oxygen for stewardesses 


г 18 ; wn 1 
The bottle contains 120.0 of oxygen at a pressure of 1500 psi, апа is 
located 1 ea. beside the stewardess seats. On the head of the 5955-е 


is provided a control knob by means of which the quantity of oxygen 
сай be varied in three steps. 


The tools and equipment necessary for maintenance of tne 75-112 ar 


not беа1+ witn. 
16.1.1 Flight Equipment 
(1) Main Gear Safety Pin 
(2) Nose Gear Safety Pin 
(3) Pitot Tube Cover 
(1) Forward Windshield Cover 
(S) Nacelle Cover 
(б) Exhaust Pipe Cover 
(7) Engine Air Intake Cover 
(8) 031 Cooler Cover 
(9) Aileron Clamp 
(10) Potable Water Replenishing Hand Pum 
16.1.2 Service Equipment 
(1) Towing Bar 
(2) Main Wheel Chock 
(3) Main Wneel Jack 


(4) Nose Wneel Jack 


(T) Outer Wing Lifting Sling 
(6) Verticel Tail Lifting Sling 
(9) Horizontal Tail Lifting Sling 
(10) Teil Stand 


(11) Engine Sling 
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However, equipment such as that used in component repair sho 
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13) Check Gauges 
а, Allcron 
b. Elevator 


с. Rudder 


4, Flap 
(4) Wrench, Adapter, Brake 
(5) Wrench, Adapter, Landing Gear 
(6) Wrench, Adapter, Outer Wing 


(7) Locking Plate, Corrector Motor 


(8) Propeller Maintenance Tools 


OF-96056-117 Рио Tube Cover LH 
01.36056.12 Pitot Tube Cover RH 


USE: To prevent dirt ond moisture from entering the pitol tube 
and static slots, While the aircraft is parked, 


<. | 
A —— 
| "REMOVE BEFORE FLIGHT” 


01-96051 Cockpit Cover 
USE; To protect the foward wind shield 
and side window while the aircraft is parked. 


With HF Antenna 


Without HF Antenna 


Figure 16-2 


к” 
іл oy, 


Page 


01.96209 Engine Air Intake Cover w 
USE; To protect the engine air intake against entering of moisture wren the aircraft ia parked, 


01-96257 Oil Cooler Outlet Cover (Cap) 
USE; To protect the engine against entering of moisture and foreign matter through the oil cooler outlet 
while the aircraft is parked. 


м 


"REMOVE BEFORE ENGINE START” 


Figure 16—4 
m | 16 
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01.89035.1 Hand Pump. Water Supply. Lavatory 
01.89035-101 Hand Pump.Water Supply, Lavatory ⁄ 7 
c 


USE: To supply the lavatory wash water. 


Hose 
( 3m: 01-89035.1 ) 
4m: 01-89035-101 


Figure 16-5 
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01-96801-1 Surface Clamp Atieron Jahonad, LH 
01.96801.2 Surface Clamp Aileron Inhoad, RH 
01-06803-1 Surface Clamp Aileron Outbond, LH 
01.96803-2 Surface Clamp-Aileron Outboad, RH 


Detail B 


Detail A 


Figure 16-6 


"REMOVE BEFORE FLIGHT" 


01-96160-11 Tow Bar 
USE: To tow the aircraft during ground handling when engines ore not ruonng 
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Reference Man whee Chork 
une Aë chock the main wheels hut (mp раки 


(ND 


MEI 


` 


Reference Main Wheel Chocks 
USE; To chock the mai 
during engine run UP 


n wheels 
test. 


Figure 16—8 


Page ll 


Reference 


jack: Main Landing Gear P/N: AZS10-8.4, МЕН; KYB 
E: To jack up the main landing gear for changing tires and brakes, 


10 ton (2000lbs) 


Closed Highi 


Reference 
Jack-Nose Landing Gear P /N:AZS10-6.9, MFR: KYB 
USE: To jack up the nose landing gear for changing tires. 


10 ton (20001bs] 


180 m/m 


Figure 16—9 


01.96204.1 Main Jack Pad 
USE; In conjunction with main jack. 


Rear spare 


01.96052 Nose Jack Pad 


USE: [n conjunction with main jack. 


Figure 16279 


01.96217 Outer. Wing Shing монй balts for. [tau 


USE: То lint and support (he outerwinp when 


remosingr mr installing. 


. ical Tail Sling (including bolts for fitting} | 
01:96601 USE: To hoist the vertical tail or the vertical stabilizer and the the rudder respectively. 


Page 18 Figure 16-11 


01-966 
96610 H | 

orizontal Tai 

M bi * А S 

USE: To SRM Ganeloding bolts f 
plete | ШІ» for 
( horizontal VEMM 
wirizontal 
stabiliser 
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Figure 16—12 
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lr te pre 
Engine Shing D ch G Z02086 ^1, MER: ВН 
US. Te host the engine for installation and removal with or withaul propeller. 


01.96253 Sling-Gear Box and Той Pipe 
USE; To hist the gear box or tail pipe. 


16 | Figure 16-13” 
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01.23001.934 Balancing Stand-Control Surface (including tabs) 
USE: To use balancing of control surface (including tabs) 


Balancing Stand 


X 
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— 
ж 
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О 
SASA, ; 
WA Balancing of Aileron 


Balancing Stand Top 


Figure 16-14 
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01 ~ 66001.13Н Propeller Stand Dolly 
USE: Tor transportation and storage of propeller. 


Figure 16—15 
16 TN 
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Rig Pin 


Note, As for details of usage. rel the each systems as follow. 


01.08072.11 
4 ea 


01.96072 01.96073.31 


30 са 


` 
01.96075.11 22 01.96075.21 01-96230-11 
3 ea 4 ea 4 ea 
< | 


lea 


01.96230.91 


% 
01.95630.1 
19 en 2 eà 


01.96230.31 
2 ea 


" Figure 16-16 


Rig Pin Аерге Control System 
Rig [^n | 
01.96075 11, Gei 
01.962230 31, Bea 

01 AANA, dea 


Lë Ф 2 As C qu» 


C Rig Rin 


01.96075.11 


Rig Pin 
01-96230-91 


Rig Pin 


Detail C 


Y 
Detail B 


| Figure 16-1: 
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Rig Pin- Aileron 
Rig Pin 


Aileron Trim Knob 


ЎТ 


Rig Pin 


J 96072-11 


Housing 


_ М 


^7 


1⁄4 


91.96230.91 


Rig Pin 


Detail B 
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Figure 16-18 


Rig Pin-Elevator Trim Tak Svetem 
Rig Fis 
01.96072 11, lea 
01.9607 3.31. lea 
01-D66030.1. lea 


Rig Pin 01.9607 3-31 е” 
/ GN SS 


' Actuator 
«ӯ 


! ж f . 8 
< ! کو‎ Idler Arm Ss W A de 


ES E e D 

N „де Rig Pin 01.96630.1 | Ж” 
ыл E 

rca | 

"Rm 

ыа. 
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|9 М7. 
«2 Detail В Rig Pin 01.96072-11 
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Rig Pin -Rudder Control System y e @ 8 
Rig Pin b 


01-96073-31, den 
01-96075-11, lea 


527 p 5, | Rig Pin / 
D uo 00 0LU5073.01 / 


Trim Actuator 


Es 
Ay 


MS р", 
Rig Pin Aff 24 і Rig Pin 
01-96075-11 2-9 / 01-96073-31 
VM SE 22 Rig Pin 
Quadrant Т” low 01.96073.31 
Detail A e Detail B 


ligure 16419 
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Rig Pin-Ruader Spring Trim Tab System 
Rig Pin 
01-96072.11, 1е D 
01.06073.31 244 < 1 


01.96630-1 , lea MO 


ig Pin 


Detail D 


01-96073-31 


01-96630-1 Detail C 
Detail E 


Figure 16—20 
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Rig Pin-Normal Brake System 
Rig Pin 01.96073-31, 13% 


Rig Pin 01.96073-31 


\ Belle rank Belle rank 


Rig Pin 01-9607331 
Rig Pin Xe. М e Rudder Pedal Arm 


01.96073.31 Қ Rig Pin 01-96073-21 
Рр | A e Rig Pin 01-96073-31 
. N DN 


Rig Pin Rig Pin 0196073. 31 
01-96073-31 


= ie, Pit 01.96073-31 


Hyd Compt 


Rig Pin 01-96073-31 
Rig Pin 01-96073-31 


01.96073-31 


| 
که‎ Bellerank | 
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24 LX% | it FP 
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м Normal Brak. Valve Ir} 
49 Rig Pin 01.96073 31 
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Rig Pin-Emergency Brake System 


Rig Pin 
01.96073.31, lea 


Rig Pin-Emergency Up Lock Releace System 
Rig Pin 


E 
01-96073-31, 2 ea 


Ж- | 
`< LS - By-Pass Valve | | 
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O> 
View B NOS Detail A 


16 E | 
Page 26 Figure 16-23  ' 


Rig Pin-Landing Gear Control System — 


Rig Pin - 
01.96072-11, 1 еа | 
01.96073.31. Zen — 


. Selector | Si ` | d a 
Nose Gear Well , e | О . 


Access Plate 123 


2" 


Landing Gear 
Control Lever 


Detail A 


Rig Pin 
01.96073-31 


Landing Gear RÀ - 
Selector Valve —> | 


— 
Hyd Compt 
. Rig Pin 
01-96073.31 
ch 
(ez AS 
al Zu 
1 А Rig Pin 
| 01-96072-11 
Dotail B 
Figure 16—24 16 
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Rz Fin Са Змеи 
Ray jos 
| . . Steering Handle--— 
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Stecring Control Valve: 


Figure 16-25 
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Rig Pin. Throttle Control eege? c —REL Throttle End Pulley — и 
ах 


Rag Pin SR: | 
01-06075.21, 1 ea ^L & o — 
01-96230-11, 2а/ N< | УЗ we 
019623091 5 ea ‚7 "EP" P dw 
4 “м, 4 d KC pee "P d и 
Ze | < p 4 E ` ^ "s ; 
ығы | 


S9 Li Throttle End 
Pull 
RH Throttle "a ag ен” ni 
Lev inca ! 
ver е E^ _ а 
4 -LH Throttle Lever 


OF 
MX | ,/---Тһгоіше Idler 


шм Ма" 2s Жоға 
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[ни Pin || J Detail C / 
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Figure 16-96 
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Rig Pin-HPC Control System 


XC RH HPC End Puly „7 


Rig P 
O1-96075 21, lea C бө aa < 
1-96230-11, 2са » 
01.96230-91, 4ca Bal سے‎ 
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Rig Pin 
01-96230-91 
Detail B 
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Detail D 
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01.96101 Rigging Tool-Control Wheel 
USE; To lock the control wheel in the neutral porition during adjustment of the aileron control system 


02-96107 Rigging Tool-Control Column 


USE; To fix the control column during adjustment of elevator and aileron control systems 


Figure 16—28 


01.96104 Rigging Tool-Gust Lock Sector 
USE; To fix the sector located at the forward fuselage dring adjustment of gust lock system. 


(See Maintenance Manual 27-70-0 Fig 501) 


01-96240-1 Check Gauge Aileron (LH) 
01-96240-2 Check Gauge-Aileron (ЕН) 


Detail A 
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Q1.95627.1 Chock Gauze Elevator LH 


01.90527.2 Chek G:uge Elevator RN 


01-25518 Check Gauge-Rudder 


Озо! А 


Figure 16-30 


01.96150 Wrench Adapter-Brake Cylinder 
USE; For adjustment of main landing gear brake cylinder, 


01-96250 Wrench Adapter- Main Landing Gear Installation 
USE; For installation of the main landing gear attaching pin. 


Detail A 
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01 86214 Locking Plate-Corector Moter 
USE; То ісек the corrector moter when rigging. 
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Nose Landing Gear Main Landing Gear 


12. й5іл 4 72 in| 4.64in 
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NLG Jack Pad Tiedown End MLG Jack Pad 
(.5in Spherical Radius) (.75in Spherical Radius) 


JACK CLEARANCES AND LOADS 


TIRES 
INFLATED 


12.1in (307) 
10.2in (259) 


Note:Dimensions in Brokets are 
shown in Millimeters 


Jacking — Landing Gear 
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Wing Lower Skin(Ref) 
Tank Drain Valve 


| 
Out Sida View 


Handle 


Bushing 


Spring(For Pressing Steel Ва )Алюодігед 
Steel Ball 


Spring Retainer 


Spring(Pressing “О” Ring to 
Тор Side) Anodized- 


| “О” Ring М529513-172 
Spring ( Cadmium — Plating ) | 
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Fue] Tank Drain Valve 
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Rig Pin-Gust Look System 
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G1:97001 Protvactor 


в t 


USE, To measure the travel of the aileron,rudder and flap. 
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01.96233.11 Cheek Gauge: ӨЗІН Innerflap at WO STA 1800 
01-96233-12 Check Gauge-O° ВИ Innerflap at W. STA 1800 
01.96233.21 Check Gauge-O°LH Outerflap at W. STA 7200 


01.96233.22 Check Gauge-O°RH Outerflap at W STA 7200 
USE: To check the up position of the inner and outher flap. 
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01-96233-11 D 01-96233 
01.96233-21 01.96233-12 
Bolt | 
AN? | 
Section А-А Section B-B View C 
01.96256-11 Check Gauge-35° Outerflap 
01-96256-21 Check Gauge-35° Innerflap 
USE; To check the 35° down position of the inner and outerflap. 
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01-00101-26H-5 Torque Wrench Adapter: Attaching Bolt Center.Outer. Wing 
USE: For installation and removal of t 


he net wing 


e or Adapter 
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| p :01:00101.26н 5.4 | 
| 101-00101 26H 5.13 
p— 40100101 26H-.S.13| 

.01-00101-26Н.5.2 | 
k 01.00101:26H.5.3 | 
‚ 101.00101-26Н.5-14 | 


'01-00101-26Н-5-11 
| [01.00101.26H.5.4 | 


RK IA 


|93 00101.25Н.5 З | 
| A 0100101 25 Н 54, 
| 


0100101 264-514 


16,2 Lifting 
The lifting procedures are described below to facilitate maintenance and 


inspections of the aircraft components at the time of the maintenance and 
overhauls, 


16.2.1 Lifting of Entire Aircraft 


The entire aircraft can not be lifted since hoisting points for this 
purpose are not provided. 


16.2.2 Lifting of Outer Wing 


The outer wing without the engine, propeller, gear box, engine cowling 
and fuel can be lifted with the outer wing sling attached to the hoisting 
points at WS7200 and WS1800. Its weight is approximately 5500 lb (2500 Kg). 


16.2.3 Lifting of Vertical Wing 


The vertical wing weighing approximately 550 lb (250 Kg), can be lifted with a 
Sling attached to the hoisting points provided on the L.H, and В.Н, sides 
of the upper part of the vertical tail. 


16.2.4 Lifting of Horizontal Tail 


The horizontal tail with the elevators weighs approximately 800 ib (350 Kg) 
and the horizontal stabilizer only weighs approximately 550 1b (250 Kg). 
The lifting sling is attached to a long tie plate which is installed in 
place of the tail plate. 


16.2.5 Lifting of Engine 
The engine or the СЕС kit can be lifted with P/N 254505/1 or P/N GZ02035/1. 
When the former is used, the engine without the propeller or GEC only can 


be lifted. When the latter is used, the engine witn the propelier or 
the removed engine only can be lifted. 


The QEC kit weighs approximately 1650 lb (750 Kg) and the engine with the 
propeller weighs approximately 2350 lb (1060 Kg). 


16.3. Jacking 


The procedures for aircraft jacking are described below to facilitate the 
landing gear operation on the ground, levelling and measurement of the 
center of gravity. 


16.3.1 Aircraft Jacking 
The aircraft can be jacked up at three points, l ea. on the lower surface 


of the rear spar at WS1800 of the L.H. and В.Н. wings and one on the lower 
В.Н. side of the forward pressure bulkhead at Е5-12310. 
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126in (3200mm) 


REF 


(26in REF) 
A 
| 


ВР650 


E 


Fwd Pressure Bulkhead 
126in (3200mm) 
REF 


79in (2000 mm) 


77in (1950mm) $), 
< 56in (1420mm) . 


58, біл (1490mm) 
Struts fully extended 
Struts fully’ compressed and Tires fint 
Jacking Dimension 
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Precautions 


(1) The aircraft shall be jacked up on a flat place and іп а head wina 
when the aircraft is jacked up outdoors. The aircraft shail not бе 
jacked up when gusts in excess of 20 Mil/H or 9 m/s are prevailing. 


(2) Before the aircraft is jacked up, fix the movable items aboard or 
see to it that safety hazards are eliminated. 


(3) When the aircraft is tail-heavy or the engines have been removed from 
the aircraft, be sure to install the tail stand. Never apply force 
to the mooring point on the tail. 


(4) Operate the jacks so that the aircraft can be maintained level. 


(5) When the aircraft jacked up is lowered, remove all obstacles under 
the aircraft and put the safety pins in the landing gear. 


16.3.2 Jacking Up of Landing Gear 


16.4 


16.5 


16.6 


When the tires or brakes are replaced, the landing gear is jacked up with 
a jack at the jacking point provided on the lower surface of the nose 
gear Or main gear. 


Levelling 


The aircraft can be levelled by means of a level or levelling points. 
(1) Levelling by Means of Level 


The aircraft is jacked up until each tire is l in. above the floor. 
Place the level on the lugs located in the forward part or on the L.H. 
wall of the nose gear compartment for levelling. ` 


(2) Levelling by Means of Levelling Points 


The levelling points are provided on the Г.Н. апа К.Н. sides of the 
fuselage at WP 0, -10100 and +8000 and the aircraft can be levelled 
longitudinally or laterally by means of a transit, 


Towing 


The aircraft can be towed with a towing bar fixed to the nose gear, not 
depending on the aircraft power. The aircraft also can be towed with 
ropes tied to the main gear if necessary. 


Taxiing 
The direction of the aircraft during taxiing or running can be changed oy 
means of the steering system. For details, see Chapter 6, HYDRAULIC SYSTEM. 
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16.7 Parking 
When the aircraft is parked, observe the following precautions: 
(1) Keep sufficient distances between the aircraft and the others. 
(2) Place the aircraft in a head wind. 
(3) Put the gust lock on. 
(4) Apply the parking brake. 
(5) Ground the aircraft, 
(6) Put the wheel chocks in place, 


(7) Put the landing gear safety pins in place. 


16.8 Mooring 


a 


The aircraft is moored when it is parked outdoors for a long time or 
when the weather is bad. 


Precautions 


(1) Turn off the battery switch. Remove the batteries from the aircraft, 
if possible. 


(2) Cover the exposed points with the applicable ground equipment. 
(3) Rotate the contact surfaces of the tires at every 48 hours. 


(4) If icing is feared, lay matting or dry sands approximately 1/2 in. 
thick under the contact surfaces of the tires. 


16.9 Washing 


Before the aircraft is washed, close and seal with tape the doors, access 
holes, covers etc, which water is likely to enter, to prevent water from 
entering the inside after washing, damaging the furnishing and functional 
parts. 


16.10 Lubrication 


The rubbing parts are lubricated at the periodic checks to keep them 
well lubricated. 
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MS 20470 ADS Rivet 
2Places on each side of fuselage 
for use with transit for leveling. 


` 


Leveling снра for use with spririt level 


STA -12310 
Fwd Pressure Bulkhead 


Latera] Leveling Clip 


Longitudinal Leveling Clip 


Leveling 
Figure 16-39 


N LG Well 
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40'4.7^(12.32m) Nose Wheel 
Turning Radius 


Towing & Taxi ng 


age 46 Figure 16-40 


Precautions 
(1) Before lubricating, clean the parts involved, 


(2) When the grease gun is used, fill the bearings with grease urti, the 
grease swells out from the bearing surfaces uniformly. Wipe off tne 
grease thus swollen out, 


(3) Do not lubricate the rusted surfaces. 


(4) Clean the sealed bearings, unsealed bearings etc. because the 


bearing surfaces are damaged if foreign matters such as sands are 
contained in them, 


For lubricating materials, intervals and procedures, see the following 
tables: 


MIL-G-23827 Grease, Aircraft & For low and high temper- 
Instrument, Gear & atures. Used ror ball, 
Actuator roller or needle bearings 
and sliding and roliing 
surfaces of precision 
machinery and flight | 
control system, 


| 
MIL-L-3515 Grease For high temperature, | 


High Temperature Used for landing gear, 
wheel bearings etc. which | 
run at high speeds and 
high temperatures. 


| 
СВ MIL-L-TT1i Grease For general use, 
Generai Purpose 


G MIL-G-7187 Grease Graphite Graphite grease, 
Used for heavily loaded 
parts or low speed bearing) 
surfaces which can not pe 
lubricated easily or 
which are operated inter- 
mittently. 


OGP MIL-L-198T0 Oil, General Purpose For general use. 
Low Temperature 
OHA MIIL-H-5606 Hydraulic Fluid Hydraulic fluid. Used 
Petroleum Base as hydraulic oil in 


hydraulic system, brakes 
and shock struts. 
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Nomenclature 


symbol Specification 


ee 


Graphite Lubricate 


ANDOK 260 or 
MARFAK 3HD 


special Grease 


No.1 


Е96(20) 
Shin'etsu 
Chemical 


Silicone Oil 


* Interval Symbols 


150 hours) 
450 hours) 


Sage e a ee ee ee ee 5 & A ІВ 


eee 5" E MN à 9 teagan 3B 


800 hours} 


( 

| 
1444.4........... 1C ( 100 hours) 

( 

(1600 hours) 


€ bob 9 5 "o a 9" P na b ep ú ú 5 à 26 
hC 


ée à ë ü Bo esoe ü 9 k ü Ú 9 т e 


e... ....... .... Special 


QDooobp 


*  Lubricating Method Symbols 
““..... .... Grease gun 
.. аза... Oller 
........:4. Hand 


..““... . .. Brush 


ш- <е A, Í 
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Purpose 


— =: ———-— —— 


Graphite powder. 

Used as dry lubricant. It 
can be substituted by 
DIXONS STICK NOG-771. 
Symbol FGS. 


opecial grease. 
Used for special quills, 
drive shaft serrations etc. 


Dec 15/07 


64 айва 


91 


14-91 22191 


Я 41.100 |4 


Safety Pin-NLG / 


01.96005 
Surface Clamp-Aile i 
ж Dott. "o ileron 8 NDS Air Intake Cover Anti-icing 
. 01-96 803-2 yy NS wi | 
AN 


"ei Surface Clamp-Aileron 
N ` Inboad, RH 
01-96801-2 
Detail B 


Exhaust Pipe Cover Ge 


01-96213 


Aa - к Satety Pin- MLG 
NS У 0196201 


Drain Fresh Water 
Tank especially in 
Winter 


Detail A 


Surface Clamp 


Key-Locked 
Air Scoop Cover 


Nacelle and Cowling Cover 

01.96247 — m 
eid А 

ent wi? 


— Ss 
ў ж Exhaust Pipe Cov 
\ li سا‎ OY oaena ———— 


Cockpit Cover 
01-96051 


е” 
y Ұға 
NN 
1 
N^ 


Ca 
rr 
= mie ee 
| 3 
2 
"i 


Air Inrake Cover 


Anticicing RH & LH) / | < ZS 
| Avoid wet ground V NN т... = 
Surface ClampaAileron Inboad, LH Ж. Kä ei 


01.96501-1 
WË 


Surface ClampAileron Outboad, LH 
Nose Wheol 01-96503-1 Moin Wheel 


Pitot Tube Cover 4 
(LH and RH ) 
01.96056-11, -12 


Air Con, Air [ntake 


Alternstor Cooling Inlet 


Wing Heater Air Intake (Ref) 


. e Wing Ánti-ice Heater 
| 2 <; Conbustion Air Outlet , 


ay 7 
Pd 

k 

p 


Lë 
e 
ei 


Tail Pipe Cooling Air Inlet 


Cleaning Reference Port (2/2) 
Figure 16-42 
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Observer Seat 


| 1. Hinge Backrest 2ea 

| 2. Hinge Leg Assy (Typical) Gea 

| 3. Diagonal Leg Assy(Typical) беа 
| 4. llinge 4ea 


Pilot's Seat 


5. Hinge Armrest 2ea 
6. Vertical Adjustment Mechanism 
7. Seat Track Mechanism Bea 


- 


Lubrication- Pilot's Seat and Observer Seat 
Figure 16—13 16 
Раде 51 


t 


Detail A 


Passenger Seat ae 
l, Seat Attachment (Typical) 2еа 
2, Recline Mechanism (Typical )2ea 


m 


Detail B 
— = 


Stewardess Seat 

3, Hinge Backrest 2ea 
4, Hinge Leg 2ea 

5, Hinge Leg Zen 

6, Hinge Leg Zea 


Lubrication ~ Passenger and Stewardess Seat 


Figure 16-44 
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Control Columms 


1. Fairing Slide at the Control Column Cea 


2. Control Cable and Drum for all Cable Travel 2ea 


3. Rudder Quadrant Linkage Zea 


4. Rudder Quadrant Adjast Screw 2ea 


Pedal; Longitudinal Axis Adjust Mechanism 2са 


Lubrication- Control Columns and Rudder Pedals 


Figure 16-45 
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Гу Я 


ER 


, Chain and Sprocket 

‚ Universal Joint 

‚ Gear within Gear Box 

‚ Cable and Cable Drum For all Cable Travel 
‚ Gear within Indicator 


| 
2 
3 
4 
0 5 
Ó 
d 


, Spring Plate 


Section A-A . Adjust Nut 


Lubvication- Control System - Pedestal Section 


Figure 16-46 
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66 ou] 


QT 


19-91 220814 
aBe|esn, APPIN] рие 3и: A{-WIISAG 1043407 -u01]9214qn*T 


1. Pressur Seat (7ea) 


2. Aileron Gust- Lock Quadrant 
3 Gust- Lock Pin at the Gust-Lock 


Aileron 


. Gust- Lock 
HEN — 
2^ „== = gege __._. 


e ‹ 
| 
I 
LN 
Kä Sc 
vF. 


-— ) We y Ps = | 


jee 


Aileron еме N 


— 


LEE LË Se and" Н. “ы 


(` өліге - 


Emergency Up. Lock 
Release 


DELETED 


Figure 16-48 
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8 


وا ا DA‏ 


Cable Pressure Seal, Extending Cable Stroke (12ea) 
Elevator Trim Tab Actuator Cable and Drum 
Elevator Trim Tab Actuator Shaft 
Elevator Trim Tab Idle Arm Hinge 

Gust Lock Mechanism 

Gust Lock Cable and Drum 

Gust Lock Pin 

Rudder Spring Trim Tab Actuator Cable and Drum 
9, Rudder Spring Trim Tab Actuator Shaft 

10, Rod (Sliding Surface) 

11, Spring (Rudder Spring Tab Mechanism) 

12, Down Spring Mechanism (Теа | 


"ës 


C MA س‎ 


- - 


"m = 


CO “sl OS > 


= 


Control System-Empennage Section 
Figure 16-50 


LG Selector Valve 
Detail B 


Qn b C) м 


View C 


Arm Junction 

Red End and Square Slidng Suríace 
Junction 

Arm and Cylinder Junction 

Stopper and Crank Junction 


Lubrication- Hydraulic System 


Figure 16—51 
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( 


| Detail В 


А Normal Brake System 
| Roller Shaft 
2 Агт Shalt 
= np 3 Arm End Pin 
X B Emergency Brake System 
A Roller Shaít 


5 Arm Shaft 
û Spring 
Detail A 7 Агт End Pin 


Lubrication- Brake System 
Figure 16—52 


Ілінасапоғ- Main Landing Gear 


Figure 16—53 
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` NOTE ж Silicone ОЙ F96 20° 


(Shinetu Kagaku Co. 


мд — — — — — жа sg ei ب‎ = 
NUS ae ч © D > UN — O 0 NO i BR Q Ñ = 


кә 
- 


Actuating Cylinder Potting 
Shock Strut Attaching Falling Zen 


Assist Spring Ете 
Shaft Down Lock Hook 


Special Bolt-Upper and Lower Drag Strut 


Actuating Cylinder Piston Rod 
Lower Drag Link 

Roller-Up Lock 

Roller-Mf.ti Door деа 

Torque Link 2ea 

Shack Strut Piston 

Wheel Bearing and Axle Zea 
Spring-Emergency Gear Down 
Up Lock linkage and Spring End 
Up Luck Release Lever Ze 
Shafi-U 0 Loch Hook 

Ир Lack Hook 

Lipper Drag Lank Attach Fittin 
Lows Lock Linkage 2ea 
Spring-k.mergencs (sear [own Zei 
Push-pull Rod-Down 1 өсі Hoa) 
Dele ted 

Red [own Iech Indicat rg Mec hans 


Nose Landing Gear Door Mechanism (Зее 12-20 — 0 Figure 214) 

Main Landing Gear Door Mechanism (See 12-20-0 Figure 215} 

Galley Service Door, Front Cargo Door and After Cargo Door (See 12-20-0 Figure 216) 
Emergency Exit Door (See 12-20-0 Figure 217) 

Belly Cargo Door and Electrical Access Door (Зее 12—20—0 Figure 218) 

Hydraulic, Air —ond.and Flight Control Access Door (See 12—20—0 Figure 213} 

Sliding Windshield (See 12—20—0 Figure 220) 

Cabin Entrance Door (See 12—20—0 Figure 221) 


TO rn Ü со > 


Lubrication — Fuselage Section 


Figure 16-56 
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Door Hinge(2ea) 
Door Operating Brace End ( 2ea) 
Door Operating Saddle Fitting 
Door Operating Fitting (2 ea) 
Lever Fitting (2 ea) 

Door Operating Link ( 2ea) 

Door Operating Cam (2ea) 

Door Operating Spring End (2ea) 


Lubrication — Nose Landing Gear Door Mechanism 


Figure 16—57 


І, M.L.G Door Hinge ( 2 ea) 
2, Beli Crank Hinge ( 2ea) 


` 3 Arm ( 2ea) 
4 Hook and Guide ( 2ea) 
5 Spring (2 ea) 


e эу 9 
BEDA! 


Sí p 


Lubrication Main Landing Gear Door Mechanism 


Figure 16—58 
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| Pressure Lock Mechanism 
2  Latching Mechanism 
J  Hing Mechanism 


Lubrication —Galley Service Door, 
Front Cargo Door, After Cargo Door 


Figure 16--60 


(Apply Lightly; ç? 
2 
5), 
LA] | 
Ж 


bat Lightly. | 
Wipe off Excess 


OGP/ 4 


bé Lightly. | 
Wipe off Excess 


1, Latch Yoke Sliding Surface 
2, Latch Hook Sliding Surface 2ea 
3, Grease Fitting at the Latch Hook 
4, Hinge ` 

' 5 Hole Open Rod Sliding Surface 
& Rod End 


Lubrication — Belly Cargo and Electrical Access Door 


Figure 16-62 
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Latch Rod Sliding Surface(Typical) 2 ea 

Door and Jamb Roller (Typical) Zea 

Hinge 

Handle Shaft Bearing 

Linkage Rotate Surface ei 
Spring Rod at the Rotating and Sliding Surface. Bed 
Hold Open Rod Rotation Surface 

Hinge and Latch 


Lubrication — Hydraulic, Air Conditioning 
and Flight Control Access Door 
Figure 16—63 
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Lubrication— Sliding Windshield 
Figure 16—64 
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Spring —Handle Cable 
Bellerank Rotter Hinge Aen 
Bellcrank Guide 

Bellcrank Spring 

Roller -Upper Track 4ea 
Upper Track Sliding Surface 
Handle Cable 

Bellcrank Hinge — Lower 
Latch and: Guide 

Bellcrank Hinge—Upper 
Lower Track Sliding Surface 
Roller Hinge 

Roller Fitting Shaft Zea 


ы .4 ¢ ` и - Ti | Пе 1 WE 
Now Мак МАЙ lire SH Ние ор Shot) Ko IA на; Р" 
! F x z „-- - 


\ ВИ Wing Цене СО 


ние 


a l»^scharges 
Indicator 


Рома!» Freon ]3B- 1 
енге EUNE 


No.2 Eng Spray Ring ^ 


No.l Eng Spray Nozzle” г 
/ )Jressure Relief е 

No.2 Eng M/B Fi пр i Em No.l Eng МАВ Fire Exting Bottle 
ng M/B Fire Esting Bottle. Discharge Indicator KEN ae K tand Shot) 


fist Shot) E | Ü 
ge ы 0 9 N x Discharge 


N Indicator 
` 


ka 


"zz Portable Freon 138-1 a Exting Nozzle 


of" 


. Battle 


No.l Eng Spray Ring -—— р 


\ EN 
s LH LO Bay Spray Nazzie 


Non-return Valve 


No.] Eng Spray Nozzle | d 
| | Pressure Relief Discharge 
No,] Eng M/B Fire Esting Bottle Indicator 


{ist Shot; 


ж RH Wing Heater Fire Detectors (Jea) 


2 Eng & Breather Duct No.2 Eng Gear Box Overheat Detectors ({¢a) 


Overneat Detectors (Zone?) 


Епр.. -1еа ) 
Breather ----- lea 
` D \ 
Жы J ' 0 9 Tail Heater 
"is dk RH LG Bay 0 ЖЫ; Detectors 


ж 
Fire Detector (Sea) 02 


No.’ Eng Firewire Element ou 
No.2 Eng Cooling Air Overheal Detector (lea) 20 


Ü No. ] Eng Gear Вох 
0 As Sen 
(dea 
ЖРА 
0 < 
“. 
чә 


No.] Eng & Breather Duct 


ІҢ LG Bay 
Fire Detector idea’ 


Overheat Delecturs 


(Zone 2) Uzng dea 
Breather lea) 


No.l Eng Firewire element 
No.l Как Covling Air Overhect Detector:lea) | 


x not applicable to 7 2029— = 2031 ж LH Wing Heater Fire Detectors stes, 


Fire Protection System Arrangement 


Figure 15—1 
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1 (Clean Before 
Re-gre a sing! 


if 


4 


QR ail 


А? 


p 
o 
РА 


/ 
/ 


Р Ls 


Screw Jack (qea) 

Chain Coupling and Sitde Type Coupling idea) 
Flap Drive Torque Tube Swing Stopper 
Ratl-Flap ea) 

Chain Coupling and Siide Type Coupling (ea! 
Transmission and Cam Disk Running Gear 
Stopper System Screw 

Stupper Sistem Shaft 

Stupper System Chain 

Trime Tab Actuator Shaft 

Actuator and Idler 12еа) 

Rod (Spring Tab Mechanism) 

Spring (Spring Tab Mechanism) 

Space Between Bush and Acme Screw 


а н ал 
© MN Oo -Q CO ^4 QM im E Gah MN — 
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Lubrication- Flap Drive & Ailevon Control 
Figure 16-49 AN 


Pace 51 


Lubrication- Nose Landing Gear 
Figure 16-54 


т 


€ 
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а 
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When Removal of Wheel 


1 Shock Strut Attach Fitting 2ta | 


2 Actuating Cylinder Fitting 

3 Assist Spring End 

4 Rod End - Down Lock Mechanism 
5 Bell Crank 

& Upper Drag Link Attach Fitting 
7 Down Lock Lever 

8 Lower Drag Link Fitting 

9 Steering Sector Coller 

10 Torque Link (2а | 

11 Ik]eted 

12 Steering Rack Bearing 

13 Roller-Up Lock 

14 Shock Strut Piston 

15 Wheel Bearing and Axle 423 

16 Down Lock Hook Rod End 

17 Down Lock Spring End Ze ] 
18 Emergency Up Lock Spring 


Up Lock #Aschonum 


eit 


19 Rasl-Emergency Up Lock Release System 


20 Emergency Up Lock Linkage 
21 Emergency Up Lock Spring Ез 
22 (ір Lock Hook 

23 Up Lock Bracket Fitting Ze 


Jea 


Emergency Up Lock Nose Wheel Steering Handie 
Release Handle | pd 
I МІС Up Lock a 


Detail A | 


1. Мозе Wheel Steering Cable 
pressure Seal 

2. Emergency Up Lock Release Cable 
pressure Seal 


Detail B 


Lubrication-Nose Landing Gear Well 
Figure 16—55 
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Lubrication-Galley Service Door, 
{Front Cargo Door and After Cargo Door 


Figure 16—59 


1. Latch (Typical) беа 
2. Torque Tube Bearing 
3. Joint 

4. Hold open Mechanism 


5. Door Hinge Assy 2еа 
see Figure 216-2 


8. Latch Roller 
(Typical) беа 


7. Pressure Lock and 
Latching Mechanism 
Sec Figure 216-2 
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OGP/1 


GIE 
Lightly 


ОСР/ 3 


Kë: Lightly ) 
Wipe off Excess 


Door and Jamb Roller 
(Typical) (8 ea) 
2, Latch Rod Sliding Surface 
(Typical) (4 ға) 
3, Hinge 
4, Handle Shaft Bearing 
5, Rotating and Sliding Surface at | 
the Spring Rod 
6, Rotating Surface at the Linkage 
(2ea) 
7, Linkage Rod Bearing and Universal 
Joint (Typical) (4ea) 
8, Crank and Latch Rod Joint Bolt 
(Typical) (4ea) 
9, Mechanical Lock Mechanism (2 еа) 


Lubrication — Emergency Exit Door 


Figure 16-6] 


Latch (Typical) Gea 

Door Hinge Assy 

Guide Koller Pin. Зеа 

Guide Koller 3ea 

Door and Jamb Holier (Typical) Ges 
Gear and Hack Gear 

Locking Mechanism 

Beli Crank Pin 

Torque Tube Bearing Detail A 
IO, Joint 


` 


a Who 


` 


` 


© CON © сл 
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Lubrication—Cabin Entrance Door 


Figure 16-65 


Lock Handle Mechanism 
Detail C 


Door Actuator Mechanism 
Detail A 


Door Actuator Mechanism 
1 Junction-Grease Nipple 
2 Roller Shaft and Roller 
3 Bracket-Grease Nipple 
ó 4 Spring 
5 Hook Linkage 
6 Spring 
7 Lock-Hook 
B Door Lock Mechanism 
8 Lever Shaft 
0 Spring 
10 Bellerank Stopper 
11 Gable Junction Pin 
12 Rack and Pinion 
13 Guide Roller Shaft 
14 Rod Junction 
15 Idler Arm 
16 Rack and Pinion 
17 Rod 
18 Rack and Pinion 
C Lock Handle Mechanism 
19 Bell Crank Joint 
20 Cable Junction Pin 
21 Mechanical Lock Handle Joint 
Door Lock Mechonism 22 Spring Sliding Surface 
Detail B 23 Sliding Surface 


Cen 


ый 


Lubrication-Cabin Entrance Door 


Figure 16—66 
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Stair Way 
Detail A 


"Ab AWD س‎ 


о oon ج‎ 


-— 


Platform | 18 
Detail C 


Lubrication Stair Way Mechanism 


Figure 16-67 


Up Lock Mechanism 
Detail B 


Stair way 

Hand Rail Connection 

Lever Bearing 

Rod and [ever Connection 

Roller Bearing 

Stair Hinge 

Stanchion Bearing 

Guide Rail 

Stair Rotation Center 

Stair Actuator Cylinder 
Hand-Rail Sliding Sarface 
(Apply Lightly} 

Guide Roller 

Up Lock Mechanism 

Handle- Emergency Up Lock Cable 
Spring~Emergeney Up Lock Cable 
Junction Cable Sliding Sarface 
Junction Screw 


Platform 
Hinge 


Platform Link Mechanism 
Lever Bearing 


Spring ( 2 еа) 
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OGP A4. 


ООР Ay Cowling | 
1 Aircraft Fire-Wall Hinge (4 ea) 
2 Upper and Lower Cowling Hinge 
3 Cowling Support( 2 ea) 

N 4 Fire Access Panel( 2 ea) 


Exhaust Pipe 
] Spherical Bearing 

2 Slider( 2 еа) 

3 Under Spherical Bearing 


Lubrication-Cowling and Exhaust Pipe 
Figure 16-68 
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NOTE 


AN 
* Andah 2600r Marfak ЗИ) 


` 


NOTE: Common To 
Both Engines 


Delail A 
Engina Mounlings 


NOTE, From | to 4,at Engine Removal 


Lubrication- Engine Mounting and Control 


Figure 16-09 16 
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Detail В 
Engine Mounhng Installation 


2. Spherical Shaft and Rushi e 


A Retaining Holt and Leck Bult 

§ Throttle, Н P C and Throttle 
Trimmer Кой End 

5 Esch Rod and Each Slider 


7 Áccessors Gear box [rise Shaft 


B Fue! Flow Cuntrol Unit 


! fea! 
(Аса! 
f3ea 
"Aeg 


2va 


Battery Elevator 


]. Jack Screw 

2. Swivel Joint 

5. Chain (Apply Lightly) 
4. Swivel Joint Bushing 
5. Sprocket Wheel Shaft 
6. Universal Joint 


7. Handle Shaft 


Use a mixture of Р-5-661 and 10% 
of MIL-G-6711. 
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A Bottom View 


Lubrication-Battery Elevator 
Figura 16—70 
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Gear Box Top Cover 


] Cover Hinge 
2 Cover Stay 


Detail B 


Installation 


] Sling Shaft and Spherical Shaft 


2 Sling Shaft 


Gear Box 


2 
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Note ` Common to both Engines 


D etal C 


` 


Trimmer Mechanism 
Note ` Common to both Engines 


1 Moving Part 


Detail A 


и — "s 
2 Trimmer Actuator Shaft 


= 
Throttle 


Lubrication Throttle Trimmar Mechanism and Gear Box Installation 
Figure 16-7] 
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